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Stupy or Mrrnops oF CuRING CONCRETE 


P. 360 Surface Coatings; (b), change first word line 3 from and 
to or 

P. 362, 363. First two paragraphs of INTRODUCTION are incor- 
rectly interposed in the summary. For continuity skip from 
third paragraph p. 362 to second whole paragraph p. 363. The 
two paragraphs of INTRODUCTION, p. 362 and 363 should be 
read after paragraph of acknowledgement p. 364 and before 
paragraph headed PURPOSE AND SCOPE OF TESTS. 


SIMPLIFIED Ricgip FRAME DESIGN 


Disc. P. 668, final paragraph McCormick discussion appears 
p. 669, erroneously as final paragraph Hickerson discussion. 
P. 669, line 7, statzstics should be statics. 


FABRICATING AND SETTING REINFORCING STEEL 


Disc. Proposed Specifications for Supplying, Fabricating and 
Setting Reinforcing Steel and a “Steel Setters Primer” p. 914, 
line 6, the construction job should be a construction job. (The 
statement appears to refer to the George Mason construction 
job, and this is incorrect.) 
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CONSTRUCTION SPECIFICATION FoR 


CONCRETE WorK On OrpDINARY BUILDINGS 


Proposed American Concrete Institute Specification No. 502 
(To be Used on Buildings Requiring Considerable Concrete) 


BY AR?PEUR RR. LORD, * AUTHOR-CHAIRMAN 
Committee 502—Mizxing and Placing Concrete on Buildings 


Editor’s Foreword 


Tuis ts the first of a contemplated new series of specifications 
to be prepared and issued under the auspices of the American 
Concrete Institute. Others are in progress, including Specifi- 
cation No. 503 for Fabricating and Setting Reinforcing Steel, 
a companion document to the one here presented. It is hoped 
—expected that Institute members will be served not merely 
in their use but in that discussion by which they may be per- 
fected for use. * * * The new committee plan of the 
Institute, in which a single member prepares the report and 
others of experience criticise it in advance of publication, has 
been applied to the production of the specification which com- 
prises the report of Committee 502, whose work is in the new 
Department of Specifications. 

The Author of Proposed Specification No. 502 1s excep- 
tionally qualified for this work. He brings to it a daverse 
experience with concrete—research under Professor Talbot 
at Illinois; chief engineer of one of the larger construction 
companies for many years and independent practice as an 
architectural engineer in the special field covered by this 
specification for the last fifteen years, in which many notable 
structures have been designed and constructed under has 
supervision—and many smaller ones as well. He is the author 


*President, Lord and Holinger, Inc., civil and architectural engineers, Chicago, 
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of ‘Design and Cost Data for the 1928 Joint Standard Build- 
ing Code,’’ a notable 1928 paper before the Institute (Vol. 24, 
p. 687) which with Building Regulations for Reinforced Con- 
crete, tentatively adopted by the Institute the same year, com- 
prise the “‘Handbook of Keinforced Concrete Building Design,” 
and of many other published bulletins, books and articles on 
concrete, including his 1927 Institute paper: ‘Notes on Con- 
crete—-Wacker Drive, Chicago’ which made him a Wason 
Medalist for that year. 

Critic members of the committee, A. S. Douglass, A. B. 
MacMillan, J. Thumley, W. F. Way brought to their task a 
varied and thoroughgoing experzence in the work covered by 
such a specification. 

The specification has the approval in general of all four 
critics and in detail with exceptions noted in discussion by 
Messrs. Douglass and MacMillan, following the report in 
these pages. 


And for all the labor which goes to make such a document, 
and for all the well considered experience from which it is 
drawn—no specification is final except as made an effective 
part of each building contract. A composite of the accretions 
of experience, it will continue to grow from the experience of 
others yet to be heard. Thus, the Institute's work is effective 
as such a specification draws upon the experience of all. 
Even when and if acceptable and adopted as an Institute 
standard, rt becomes but a temporary “last word’’—a new 
point of departure for still better practice than it implies. 
To attribute to standards any undue degree of finality is— 
an obstacle to the purpose of the Institute. No small part 
of the good of a specification is in the rub of comparative 
judgment and experience through which wt is adopted. It is 
with this thought that the Program Committee has placed the 
report of Commattee 502 on the 1930 convention program and 
invites discussion.—EDITOoR. 
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TO THE USER 


TuIs specification is intended for the use of Architects and 
Engineers, to be incorporated as a whole in the specifications for 
particular structures by reference at the proper place in the 
typewritten pages and to become a part of the contract in the 
usual manner. It applies to ordinary commercial or industrial 
buildings or to other buildings in which ordinary concrete sur- 
faces, as they are produced by reasonably good formwork and 
concrete control are acceptable. For fine architectural surfaces 
it should not be used. This specification also incorporates 
(unless stricken out by the user) Specification No. 503* for Fab- 
ricating and Setting Reinforcing Steel in this type of building. 

In the preparation of this specification, the author has had the 
active criticism and cooperation of the critic members of the 
committee: A. §8. Douglass, construction engineer, Detroit 
Edison Co.; A. B. MacMillan, chief engineer, Aberthaw Co., 
Boston; J. Thumley, superintendent, Graham, Anderson, Probst 
& White, architects and engineers, Chicago, and W. F. Way, 
Henry & McFee Contracting Co., contractors and engineers, 
Seattle. 

The following wording is suggested to be used in the Architect’s 
and Engineer’s typewritten specification for individual building: 


Specification for Concrete Work 

Name and Location of the Building 

Name and Address of Owner 

Name and Address of Architect or Engineer 


All plain and reinforced concrete work on this structure shall be done in 
strict accordance with Specifications Nos. 502 and 503 of the American Con- 
crete Institute, which are hereby made a part of these specifications and which 
will bemade a part of the contract for this work. All the provisions of these 
two specifications shall be in full force and effect except as expressly modified — 
or supplemented in the following special instructions for this structure. 

(Here incorporate any necessary clauses arising from unusual conditions 
surrounding the work to be done, as for example: quicksand or unusual water 
conditions; protection of existing construction; materials purchased or fur- 
nished by the Owner direct; earry strength concrete; unusual chemical expos- 
ures to be safeguarded; maintenance of manufacturing operations during 
construction; concrete piles, caissons or tunnels; very deep basements; under- 
pinning work; special grading or maximum size of aggregates with revised 
fineness modulus; admixtures; etc.; etc.) 


*In Preparation by Committee 503—Fabricating and Setting Reinforcing Steel. William 
F, Zabriskie, Author-Chairman. 
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Wherever the words “Architect or Engineer” are used they shall be con- 
strued to mean the Architect Engineer (Strike out one) only or his duly 
accredited representative on the work. 


1. GENERAL CONDITIONS OF THE CONTRACT 

This Contractor shall acquaint himself fully with the General 
Conditions of the Contract for this work. He shall be bound by 
all requirements of these general conditions insofar as they are 
applicable to his part of the work in the opinion of the Architect 
or Engineer. These General Conditions shall be made a part 
of the contract for the concrete work covered by this specification. 


2. SCOPE OF THE CONCRETE WORK. 


This Contractor shall provide all necessary labor and material 
and install complete, ready for convenient use, all portions of 
the structure specifically mentioned in these specifications and/or 
shown on the architectural or engineering plans or details of 
the structure, and also all usual necessary and essential portions 
of a structure of this type that would commonly be made of 
plain or reinforced concrete, whether or not they are definitely 
shown on the plans or listed in the specifications. In general the 
work of this Contractor shall include: concrete foundations; 
concrete floors on the ground, including fine grading and filling 
therefor; concrete retaining walls at building lines and area ways; 
concrete columns, roofs and floors; concrete walls; concrete or 
terrazzo floor or stair finish; any cutting, shoring, sheeting, hand 
excavation, backfilling or underpinning necessary to install 
concrete work properly; concrete sidewalks, paving and parking 
strips; installation of masonry ties or other inserts; concrete 
stairways; concrete penthouses or tank supports; formwork for 
all concrete work requiring same; and so forth. This contractor 
shall also furnish and place all necessary reinforcing material, 
properly bent and marked, together with complete accessories 
to hold securely all reinforcement in its designed position during 
construction. 

3. CONDITIONS AT SITE OF WORK. 

This Contractor shall visit the site of the work and make him- 
self thoroughly familiar with all conditions affecting the conduct 
of his work, the location and arrangement of his plant, the storage 
of materials, and so forth. He shall make any necessary observa- 
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tions as to soil conditions, ground water level, sewers or public 
utilities, traffic requirements and go forth. No additional 
allowance of time or money shall be asked or granted because of 
this Contractor’s lack of knowledge of conditions prevailing at 
the site at the time of estimating or which may be readily fore- 
seen to exist at the time that the work is undertaken. 


4, PRELIMINARY PREPARATIONS. 


Promptly upon the receipt of contract for this work this 
Contractor shall decide upon the materials to be used in the work, 
furnish adequate samples of them to the Architect or Engineer 
and shall cause to be made such tests as are herein specified 
(Articles 17 and 18) for the determination of the mix. He shall 
also make all necessary arrangements for tools and equipment 
and for the installation of his mixing plant and conveying equip- 
ment, except as he may arrange to secure his concrete from a 
central mixing plant approved by the Architect or Engineer. 
No hand mixed concrete shall be used on account of the failure 
of this Contractor to make adequate preparations, but concrete 
needed before the job plant is ready, at times when it is disabled 
or after it has been dismantled, shall be procured from an approved 
central mixing plant. 7 
5. CEMENT. 

Portland cement, meeting all requirements of the standard 
specifications of the American Society for Testing Materials 
(serial designation: C9-26) shall be used for all concrete work. 

Cement shall be delivered in cloth or paper sacks plainly 
marked with the name of the manufacturer and shall be stored 
for atleast seven days in sealed warehouse after test samples are 
taken. “It shall be so stored and handled at all times as to be 

protected from moisture from the air or from the ground or from 
any other source. It shall be so stored as to be readily inspected 
and as to remain free of any foreign material. All the cement in 
any container, in which part of the cement has become caked or 
has otherwise deteriorated, shall be entirely removed from the 
work. 


6. FINE AGGREGATE. 
Fine aggregate for this work shall consist of well graded natural 
or artificial sand taken from sources that have furnished satisfac- 


6 JOURNAL OF THE AMERICAN ConcRETE [NstTITUTE—Proceedings 


tory material for previous concrete work for several years, or if 
from a new source, shall be thoroughly tested for soundness and 
permanence. It shall have a fineness modulus of not less than 
2.75. It shall not contain in excess of two per cent (by weight) 
of dust passing the 100 sieve when thoroughly dried. It shall be 
free from organic matter and dirt and shall be so stored and 
handled at all times as to remain free of all foreign material and 
separate from other aggregates until placed in the mixer. 


7. COARSE AGGREGATE. 


Coarse aggregate for this work shall consist of washed gravel, 
crushed rock, or similar inert materials, taken from sources that 
have furnished satisfactory material for previous concrete work 
for several years, or if from a new source shall be thoroughly 
tested for soundness and permanence. It shall have a fineness 
modulus not less than 5.5. It shall be well graded from fine to 
coarse and not more than five per cent (by weight) of the particles 
shall be retained on the one-inch sieve.* It shall be free from 
organic matter and dirt. It shall not contain in excess of two 
per cent (by weight) of dust passing the 100 sieve, nor in excess 
of three per cent (by weight) of soft, friable, thin, flaky, elon- 
gated or laminated particles. 

Coarse aggregate shall be so stored and handled as to remain 
clean and well graded at all times and shall be kept separate from 
other aggregate until placed in the mixer. 


8. WATER. 


Water used in the concrete for this work shall be taken from 
a source which has proven satisfactory on similar work. Surface 
water shall not be used nor water subject to pollution by indus- 
trial waste, except after tests satisfactory to the Architect or 
Engineer. Where city water is used the same shall be paid for 
by this Contractor. (See also article 25 of this specification). 

9. CONSTANT SOURCE OF SUPPLY. 

Having determined upon the source and kind of cement and 
aggregates to the satisfaction of the Architect or Engineer, this 
Contractor shall secure his entire supply of each material from 
the same source so as to maintain the same quality and grading 


_ *(Larger or smaller maximum size may be desirable for portions of the structure or for par- 
ticular jobs.) Consult typewritten specifications for any change in grading of coarse aggregate. 
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throughout the work. Should it become necessary to change the 
source or characteristics of the materials used this shall only be 
done after additional proportioning tests have been completed for 
the new materials and subject to such safeguards as the Architect 
or Engineer may impose for the maintenance of the quality of 
the concrete in all respects. 


10. ADMIXTURES AND SPECIAL CEMENTS. 


Nothing shall be added to the essential ingredients of concrete 
(portland cement, fine and coarse aggregate, and water) without 
the approval of the Architect or Engineer in writing and then 
only such materials shall be added as have been thoroughly 
tested by reputable independent investigators so as to demon- 
strate their effect on the strength, elastic properties, permeability 
and permanence of concrete produced from materials such as 
are being used on this work. 

No special cement shall be used in place of standard portland 
cement except upon the same basis of adequate test and known 
effect upon all vital properties of the resulting concrete. 

Whenever such admixtures or special cements are approved 
for use on this work in this manner they shall be used in accord- 
ance with the manufacturer’s instructions and in conformity with 
their use in the tests on which their acceptance is based. 


11. REINFORCING STEEL AND INSERTS. 


All reinforcing steel for this work shall be furnished and placed 
this Contractor and shall be of the quality specified, and shall 
be fabricated and placed as required in Specification No. 503 of 
the American Concrete Institute.* All reinforcement shall be 
supported adequately in its designed location as specified therein. 
American Concrete Institute Specification No. 503 is hereby 
made a part of this specification and will become a part of the 
contract for this work when awarded. 

All portions of the concrete work shall be provided with rein- 
forcement (unless resting directly on the ground). Any gaps in 
the reinforcement as shown on plans shall be suitably filled, using 
not less than 34 @ bars at six inches on centers in any case. 


*In preparation. 
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12. FoRMWORK. 


Forms for the work may be made of wood, steel or other 
material which has been satisfactorily used on similar work fer 
this purpose. All forms shall be mortar tight and sufficiently 
' rigid to prevent sagging between, supports. Surfaces of metal 
forms shall be free of marked irregularities, dents or sags. Knot- 
holes or broken places in wood forms shall be covered with metal 
patches. All formwork shall be so designed (cleanout openings at 
base of columns, at bottoms of deep girders, etc.) as to permit 
of ready cleaning after the reinforcement has been placed. For 
spans in the structure in excess of twenty feet the bottom of 
beams or girders shall be cambered allowing one-twenty-fourth 
of an inch rise per foot of span. 

Wooden formwork shall be kept continually moist after being 
erected, so as to prevent the opening up of cracks in which dirt 
may lodge. Parafin oil shall be applied to forms immediately 
before the reinforcement is placed but in no case shall the oil 
be permitted to coat the reinforcement. Concrete shall be placed 
as soon as possible after the reinforcement has been placed and 
inspected, so as to prevent the collection of dust and dirt on the 
oiled formwork. 

The design of the formwork shall include all necessary shores 
built in place in advance of concreting in cases where portions of 
the forms are to be wrecked before the concrete on them is ready 
to support itself. These shores shall not be disturbed in the 
wrecking of the adjacent formwork. No re-shoring will be 
permitted. 

An experienced workman shall be employed at all times during 
the placing of concrete to watch the formwork and its supports 
and to strengthen any portions that may show signs of sagging, 
displacement or failure. 


13. REMOVING FORMWORK. 


This Contractor shall be solely responsible for the safety of 
the construction during and after form removal, and no act of 
the Architect or Engineer or of his representatives on the work 
shall relieve this Contractor of such responsibility. Subject to 
this limitation, forms for columns may be removed after one day, 
forms for slabs or other members whose span does not exceed 
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five feet nor eight times their depth and only for members which 
earry only their own weight or in which all superimposed loads 
are adequately supported by built-in shores, may be removed 
after three days. Other forms may be removed after seven days. 
The time referred to in each case is to be measured in days of 
good curing temperatures of not less than 60° F. (twenty-four 
hour average). At lower temperatures a longer period shall 
elapse sufficient to produce the same strength of concrete. 


14. PatcH FORMWORK. 


Forms for patches (where temporary openings have been left 
for any reason) shall be rigidly supported, being posted from the 
floor below or suspended by rods or bolts and not hung by 
twisted wires or other means that will permit displacement of the 
patch formwork and unsightly surfaces. 


15. CONCRETE MIXING PLANT. 


Concrete for this work may be mixed on the job or at an 
approved central mixing plant. In either case the equipment 
shall be in first class working order so as to eliminate breakdowns 
and shall be replaced if necessary to insure satisfactory and con- 
tinuous performance. A rotary batch mixer shall be used, of at 
least one-half cubic yard capacity and this capacity shall be 
increased if necessary so that the yardage of concrete to be placed 
at any one level above the foundations will be produced in not 
to exceed three working days, with a maximum requirement of 
two cubic yard mixers on very large jobs. 


16. MEASUREMENT OF THE BATCH. 


All materials, including water, shall be accurately measured 
by weight or volume for each batch of concrete. When wheel- 
barrows are used, the accuracy of measurement shall be main- 
tained by striking off each load level full or by charging the wheel- 
barrow with measuring boxes that are struck off. Other measur- 
ing devices shall be calibrated and checked at frequent intervals. 
When additional water is used on account of weather (as, for 
example, on account of hot drying wind on a long haul in carts) 
it shall be accurately measured to produce the desired slump at 
the point of deposit of the concrete, and not added by guess or 
by operator’s judgment. 
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The quantities of material for each batch for each class of 
concrete shall be computed from the mix as stated on the draw- 
ings (all concrete not otherwise shown or called for to be mixed 
with seven and one-half gallons of water per sack of cement) or 
determined by trial batches and preliminary tests as provided 
under articles 17 and 18 of this specification. 

The quantity of water as finally determined for each batch 
shall include the free moisture on the surface of the aggregates. 
Tests shall be made as necessary to determine the amount of such 
surface moisture present in the aggregate. The maintenance of 
a uniform slump by this Contractor shall be considered a sufficient 
control of moisture variation and tests may be waived if such 
uniformity is secured on the job. 


17. TRIAL BATCHES AND PRELIMINARY TESTS. 


Class A concrete for this work shall be designed to produce a 
strength at 28 days in standard laboratory test cylinders of not 
less than 2000 lb. per sq. in. 

Class B concrete—not less than 2500 lb. per sq. in. 

Class C concrete—not less than 3000 lb. per sq. in. 

Class D concrete—not less than 3750 lb. per sq. in. 

Class E concrete—not less than 5000 lb. per sq. in. 


When the materials to be used on this work have been approved 
by the Architect or Engineer this Contractor shall cause to be 
made, by an approved testing agency, a series of preliminary 
laboratory tests in strict accordance with the Standard Method 
of Making Compression Test of Concrete of the American Society 
for Testing Materials (serial designation C 39-27). These tests 
shall cover a water-cement ratio range beginning with eight 
gallons of water per sack of cement and including seven and six 
gallons per sack for Class A concrete; seven, six and five gallons 
per sack for Class B or Class C concrete; and seven, six, five and 
four gallons per sack for Class D or Class E concrete. These 
preliminary tests shall include at least six cylinders for each 
water-cement ratio used, three to be tested at 7 days and three 
at 28 days. The concrete for these cylinders shall be mixed to a 
consistency (and the slump recorded) suitable for placing concrete 
in this building. From the results of these tests (which may be 
judged from 7-day tests subject to checking, and to changing, if 
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needed, when 28-day tests are made) the water-cement ratio to 
be used in the work shall be determined for each class of concrete, 
to produce a strength (as shown by the tests) 15% above the 
required strength for that class, as given above, and the quantities 
of materials shall be determined by means of trial batches, using 
the actual mixing plant to be used on this work and making 
proper allowances for moisture, bulking of aggregates, etc. The 
final quantities of fine and coarse aggregate shall be limited only 
by the requirement of producing a thoroughly workable concrete, 
which does not segregate in transportation and placing, for the 
- conditions of this job and by the further limitation that the volume 
of fine aggregate shall be not less than one-third nor more than 
one-half of the total volume of fine and coarse aggregate measured 
separately. 
18. ARBITRARY MIXES. 

For emergency cases, before the results of preliminary tests 
are available and for concrete not required to be stronger than 
Class C, the water-cement ratio may be taken as follows: 

Class A concrete 714 gal. of water per sack of cement—Approxi- 

mate Mix 1:534. j 
Class B concrete 634 gal. of water per sack of cement—Approxi- 

mate Mix 1:5. 

Class C concrete 6 gal. of water per sack of cement—Approxi- 

mate Mix 1:414. 

The last figure in the notation for mix is the sum of the volumes 
of fine and coarse aggregate, measured separately. Trial batches 
shall be made on the job to determine the best distribution of this 
volume, as between fine and coarse aggregate, to give the desired 
workability and freedom from segregation in the concrete for 
this work. 

19. TIME OF MIXING. 

One full minute shall elapse between the time when all the 
material for any given batch is placed in the mixer and the time 
when the first concrete of that batch is discharged from the mixer. 
If eight or more sacks of cement per cu. yd. of concrete are used 
this time shall be increased to 114 minutes, while if ten or more 
sacks of cement per cu. yd. of concrete are used, this time shall be 
not less than two minutes. 
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20. CONVEYING CONCRETE. 


Concrete from central mixing plants shall be delivered to the 
hopper on the job in a thoroughly workable condition, without 
visible segregation either of water or of aggregates, ready for 
placing in the forms. 

From the discharge hopper at the mixer or other place of 
first deposit on the job, the concrete may be conveyed by any 
means which will not result in segregation, to a hopper on the 
floor from which it shall be transported in buggies or wheelbarrows 
to its final position in the forms. Concrete shall not be discharged 
from a chute into the forms except in the case of massive mem- 
bers (such as footings) and then only, provided the maximum 
distance, to which the concrete is required or permitted to move 
from the end of the chute, shall not exceed three times the vertical 
thickness or depth of the member and that the edge of the fresh 
concrete is always kept well rounded. 


21. PLACING CONCRETE. 


At the time of placing. concrete all formwork shall have been 
thoroughly washed and shall be clean and free of construction 
dirt and debris, all reinforcement shall be properly placed and 
supported and all inserts and openings shall be completely 
installed for a distance of at least thirty feet ahead of the con- 
ereting operation in all directions. Runways shall have been 
placed and the resulting dirt cleaned up and any steel disturbed 
shall be properly replaced. Formwork, if of wood or other 
absorbent material, shall have been wetted down so as to largely 
eliminate the suction. Column capitals or other points at which 
the washing water may gather shall be drained and the concrete 
shall not be deposited in standing water. In weather requiring 
heating of the fresh concrete in place, the salamanders or other 
heating devices shall be in operation before concreting starts. 
No snow or ice shall be left in the forms. 

In columns, or similar slender vertical or slightly inclined 
members, the bottom shall be filled with mortar (concrete from 
which the coarse aggregate and much of the usual water has 
been omitted) which shall be sufficient in quantity and proper 
in consistency to work up with the concrete and to fill all spaces 
between closely spaced bars or between the steel and the form- 
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work. In girders or other similar members, in which the con- 
gestion of steel makes placing difficult, the lower part of the forms 
shall be filled with mortar in the same manner. This mortar, in 
either case, shall be placed immediately in advance of placing the 
concrete and shall not be permitted to dry out or set so as to 
lose its mobility before the concrete is placed on top of it. 

Concrete shall not be dropped through reinforcing steel (as 
in walls or beams with top reinforcement) so as to cause separa- 
tion of the coarse aggregate from the mortar on account of 
repeatedly hitting rods as it falls. In such cases hoppers, and, if 
necessary, vertical ducts shall be used’in the wall forms or other 
means employed so that the concrete may reach the place of 
final deposit without separation. Concrete shall be deposited 
in small amounts at many points and shall not be required or 
permitted to flow along the forms, or from beam forms into 
column or wall forms. 

Concrete shall be worked around the reinforcing rods, inserts, 
etc., and against vertical forms as it is being placed, so as to 
produce smooth dense surfaces and complete filling of all spaces 
within the forms but care shall be taken not to over-spade the 
concrete so as to cause segregation locally. Concrete being placed 
with a very stiff consistency (as in paving base or in sloped foot- 
ings concreted without forms) shall be consolidated by tamping 
or vibration. 


22. CONSTRUCTION JOINTS. 


All the concrete in vertical members (such as columns or walls) 
shall have been placed at least two hours before any concrete is 
placed in the beams or slabs directly over such columns or walls. 
This interval may be increased if desired (overnight, for example) 
but necessary precautions shall be taken to insure that the new 
concrete bonds to the older concrete if the interval exceed thirty 
hours or if the weather is hot and drying. In any case any excess 
water or fines that may rise to the top at a horizontal construction 
joint shall be removed and the concrete cut away as necessary to 
insure strong, dense concrete at the joint. 

Construction joints in beams and slabs shall be vertical and 
shall be located close to the center of the span, unless a beam 
intersects a girder at this point, in which case the joint in the 
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girder shall be offset a distance equal to twice the width of the 
beam and inclined reinforcement provided to take the shear across 
the offset construction joint. Construction joints shall be made 
with a key at the center of depth and with reinforcement near 
each face of the member; additional bars, at least 60 bar diam- 
eters in length being provided where steel is lacking in either face 
of the member cut by the construction joint. 

23. CURING OF CONCRETE. 


Concrete, after taking its initial set, shall be proteeted from 
drying out at all times during the -first seven days after it is 
deposited. If the concrete is so located as to require especial 
water tightness this curing period shall be increased to twenty 
one days. Protection may be afforded by replenishing the supply 
of moisture to offset losses by evaporation or by sealing in the 
water carried by the concrete so that it cannot later evaporate. 
All portions of the structure shall be kept moist and warm simul- 
taneously for the full curing period of seven or twenty-one days 
and any portion of the time during which either moisture or 
warmth is lacking shall not be counted as effective for curing. 
24. COLD WEATHER PROTECTION. 


Artificial heat shall be provided and effective enclosure main- 
tained, whenever necessary, to insure that the air in contact with 
concrete, for a period of seven days after placing, shall not fall 
below 50° F. for any considerable time. The temperature within 
enclosures shall not exceed 100° F. Moisture shall be provided 
within the enclosure as required by article 23. 

When necessary to insure that the fresh concrete shall reach 
the forms at a temperature of not less than 50° F. the materials 
(water only in moderately cold weather and aggregate also in 
very severe weather) shall be heated. The concrete may be 
heated in the mixer by any means that will not impair its quality. 
Dependence shall not be placed on salt or other chemicals to 
prevent concrete from freezing. No frozen materials or material 
containing lumps of snow or ice shall be used. Manure shall not 
be applied directly to concrete when used for protection. 

25. WATER SUPPLY. 


An adequate supply of water for cleaning formwork and for 
curing concrete shall be installed so as to be available before con- 
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creting starts at any level and for at least the period of curing as 
required by article 23. 


26. PROTECTION OF CONCRETE WORK. 


Concrete shall be protected from washing and from the addi- 
tion of excess water in the concrete during stormy weather, until 
such time as it has sufficiently hardened to resist washing or 
penetration. One extra sack of cement per cu. yd. of concrete 
shall be added to maintain the required water-cement ratio and 
surface water shall be drained away from the fresh concrete dur- 
ing heavy rains. 

Concrete work shall be protected from injury during the wreck- 
ing of formwork and from injury due to the storage or movement 
of materials in the building during construction. 

27. CEMENT FLOOR FINISH AND UNDER-FINISH. 

Cement floor finish or under-finish (cement finish shown on 
plans to be covered by linoleum or other surfacing material), if 
less than one and one-half inches thick, shall be placed as soon as 
the structural concrete has hardened sufficiently for workmen to 
walk on it, or a dry mixture of sand and cement in the propor- 
‘tions of the mortar in the concrete may be dusted on the 
surface of the concrete before initial set has occurred. In either 
case the method used must result in the formation of a mortar 
surface layer of uniform consistency (about four-inch slump) 
without excess water, which shall be darbied to a true surface 
and trowelled later to a dense smooth finish. The surface shall 
not be gone over more than twice with a steel trowel. 

Stair finish shall be handled in the same manner as floor finish. 

Mortar for floor finish or under-finish shall be made with the 
same proportions of cement and sand as is used in the concrete 
to which the finish is to be applied. In no case shall the volume 
of cement exceed 40% the volume of the fine aggregate. 

28. CINDER CONCRETE FILLING. 

Where cinder concrete is called for on the plans as a filling 
material (under floors or roofs, for example) it shall be mixed in 
a rotary batch mixer and placed at a very stiff consistency. The 
amount of cement used shall be sufficient to produce a concrete 
that will stand up under ordinary foot traffic without noticeable 
disintegration. Expansion joints shall be provided to take care 
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of temperature movements in roof or other fills subject to more 
than 40° F. change in temperature, or subject to changes in 
moisture content. Open expansion joints (covered with copper 
strips nailed at one edge with bronze nails) approximately one 
inch wide shall be provided in both directions at intervals of 
20 to 30 feet (preferably on column center lines) extending the 
full depth of the filling. 


29. CONCRETE SLABS ON GROUND. 


Concrete floors shall not be placed directly on the ground, other 
than sand or similar material, unless a waterproofing layer is 
present. One-course concrete floors on ground, sidewalks and 
parking strips, shall be laid on top of a plain cinder filling at 
least five inches thick, tamped and finished accurately to the 
required grades of the underside of the concrete. They shall be of 
Class A concrete of the thickness shown on plans (but not less 
than five inches thick). They shall be finished as specified in 
general for floors or as called for on plans. 


Open joints (/% inch wide) shall be left between such a floor 
slab and the enclosing walls and columns and this joint shall 
later be caulked with asphalt mastic. In case the floor slab is 
exposed to more than 40° F. variation in temperature, or is 
subject to changes in moisture content, or is more than 100 feet 
long in any direction, similar joints shall be made at intervals of 
not to exceed one hundred feet and caulked in the same manner. 


Where a two-course waterproofed floor on the ground is called 
for, the cinder fill shall be omitted. The lower course shall be of 
Class A concrete of the thickness shown on plans (but not less 
than four inches thick) and shall be wood floated to a smooth 
surface accurately pitched to drains or level as shown on plans. 
On this surface a membrane waterproofing shall be placed, con- 
sisting of two layers of fifteen-pound asphalt saturated cotton 
membrane laid in three moppings of hot waterproofing asphalt. 
Waterproofing shall be carried to the reinforcing steel in columns 
and walls and shall extend above ground water level, to insure a 
complete exclusion of ground water. The upper course shall be 
four inches thick, of Class A concrete, reinforced with welded 
wire fabric weighing not less than 70 pounds per 100 square feet. 
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The top of this slab shall be finished as specified in general for 
floors or as called for on plans. 
E Cement finished floor (either one-course or two-course) shall be 


completely covered and protected from rain until concrete is 
hard. 


30. FOUNDATION WATER. 


Foundations shall be freed of water at the time concreting 
starts. Where water from the surrounding ground runs into the 
footings, it shall be removed by means of pumps oustide the foot- 
ing or footings, in which concrete is being placed. Sheeting 
around footing excavation shall be driven sufficiently below the 
bottom of the concrete work to prevent any sand shoulder at 
the edges of the excavation that would reduce the covering of 
concrete beneath or outside of the reinforcement in this region. 
Footings shall be full size as called for on drawings at all points. 

In deep wells, or where, for any reason, the water cannot be 
removed, concrete shall be placed only by the tremie method. In 
such operations the discharge end of the tremie shall be kept con- 
tinuously submerged in fresh concrete and the shaft of the tremie 
shall be kept full of fresh concrete well above the water level at 
all times. For such work the concrete shall be made with at 
least one sack of cement more per.cubic yard of concrete than is 
required for concrete of the same class placed under ordinary 
conditions. The concreting shall proceed without interruption 
until the top of the fresh concrete is well above the water line 
and the accumulation of fines shall then be entirely removed and 
wasted until well proportioned concrete is found. 


DISCUSSION BY THE AUTHOR 


The preparation of a specification for general use by architects 
and engineers in all parts of the country involves much more 
than the preparation of a specification for a particular structure. 
This specification has been submitted not only to those named in 
the document as critics but also to several others—some de- 
‘liberately selected because of a not-too-great attachment for 
scientific concrete. This process has revealed a surprisingly 
general appreciation of the requirements for the manufacture 
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of good concrete in the field. If I may summarize and paraphrase 
my conferences with representatives of leading contractors in 
the Chicago district, the “average” contractor would say: 

This specification calls for the quality of concrete that we aim to produce on 
our work. In the hands of an experienced and practical superintendent it 
would work little or no hardship on our contracts. If this specification were 
generally adopted, however, we must face the probability that it would be 
enforced on many jobs by a stiff necked, impracticable, 1929 college graduate, 
who could use it to work hardships on us, and we would therefore add to our 
price to cover this contingency. We realize that this specification would 
correct certain abuses that still persist on construction work. 

With this criticism in mind I have examined and discussed 
lengthily the clauses in this specification on which the inex- 
perienced inspector may “hang” the contractor. Wherever 
possible I have modified such provisions, not now generally en- 
forced, to remove this difficulty, as far as possible without losing 
the assurance of a high grade concrete. My own experience 
includes long service on the contractor’s side of this argument and 
I believe that I understand and sympathize with his position. 
But first: and finally my aim in preparing this specification has 
been to insure good concrete on the job under reasonable enforce- 
ment of the specification. 

I would remind estimators that the determination of concrete 
strength from preliminary tests on a water-cement ratio basis 
permits marked savings in cost, as well as better quality, as com- 
pared with the old arbitrary mix specification now happily passing 
off the construction stage. This method and this saving is per- 
missible only under the assurance that the strength of concrete 
secured in the tests will be likewise secured on the job. Several 
of our leading and most prosperous contractors on concrete work 
are already following essentially the same specification and have 
found no increased cost nor hardship in it, when all factors are 
finally balanced. I have used this specification, or a slightly 
more severe one, for several years with no observable tendency 
toward higher bid prices nor difficulties in its reasonable enforce- 
ment. 

Brief comment on some of the “unusual” specification clauses 
may be interesting. The requirement that cement be held in 
sealed storage until seven day tests have been completed may 
appear sophomoric. There is good evidence that such precautions 
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are needed and that tests of cement without such a provision may 
be useless. Practically it would mean (if this specification should 
be generally adopted) that dealers should install a regular 
sampling and testing service thus making sure that all their 
deliveries, instead of most of them, are up to standard. 

The requirement that a constant source of supply for all 
materials be maintained on each job is also a hard provision for 
material dealers to “see.’”” The practice of swapping orders and 
of delivering to the job whatever material is handiest, is doubtless 
good business for the material dealer, but it costs the contractor 
far more in labor of handling concrete (to produce proper results) 
than it saves the dealer. Economical concrete placing (no less 
than uniform concrete quality) requires that the consistency of 
the concrete be uniformly maintained at just the right flow for 
easy placing without segregation. Variation in the grading of 
aggregate or in its source almost invariably upsets this condition 
and repeated variations make quality concrete most difficult, if 
not at times impossible, to obtain. This provision is vital to this 
specification. 

Admixture manufacturers and salesmen will not enthuse over 
article 10. We have meagre reliable information on most ad- 
mixtures—practically nothing but salesmen’s loose talk on others. 
The instructions on the printed label are sometimes absurd. Any 
product that has been on the market as long as this ought to be 
less of a secret-formula patent medicine and more of a staple 
article. The tests that are known are none too encouraging and 
many large corporations which have made tests for their own 
information and have decided to dispense with most admixtures 
as a result, are unwilling to publish their data for the benefit of 
the rest of us. I feel that this specification contains the only 
sensible provision that can be made in the present situation. If 
generally accepted it should lead to the accumulation of adequate 
and reliable test data to supplement the widely variable data of 
experience now generally circulated—the favorable opinions 
being circulated by salesmen and the unfavorable by other sales- 
men. 

Article 21 contains a particular impractical requirement for 
placing concrete in reinforced walls and doubly reinforced beams 
that I cannot decide to strike out notwithstanding. Why mix 
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concrete expensively and transport it carefully to avoid segrega- 
tion and then finally unravel it into stone and mortar pockets in 
the forms? That procedure may be eminently ‘‘practical’”’ but 
it is not sensible and it does not result in good concrete in such 
members. The added expense of good work is very slight, pro- 
vided the job is organized properly and the day’s work intel- 
ligently planned. 

“Curing” concrete (keeping it moist and comfortably warm) 
for seven days has worried some contractors who fail to realize 
the importance of proper curing on both the strength and per- 
manence of the concrete. In summer when nature provides the 
heat, the cost of sprinkling (or of sealing in the water of the con- 
crete) is very slight. In winter enclosing and heating is un- 
doubtedly expensive but since we already enclose and heat for a 
shorter period the added cost involved is much less than it would 
seem at first glance. At present many specifications call for only 
three days of proper curing in winter. Seven days of proper 
curing will insure the development of a major fraction of the 
ultimate strength in the concrete, will permit of early formwork 
removal and will remove any chance of collapse. As against the 
cost of an extra story of formwork in a multi-story building, the 
cost of seven day curing is very small and in some cases more than 
one story of formwork can be saved. 

Keeping wood formwork continually moist from the time of its 
erection is another somewhat unusual provision. It greatly 
improves the final surface obtained on the concrete. It largely 
eliminates lateral movement of forms that throws elevator shafts 
and lintels out of plumb, causing expensive cutting later. These 
items far overbalance the very slight expense involved in sprink- 
ling. 

Doubtless individual contractors will “balk” at other provisions 
also. My answer is, simply, that while concrete has performed 
amazingly in spite of gross abuses in the past, it is entitled to some 
consideration. This specification is intended to result in a job of 
concrete that is sound and good in all its parts—a worthy job 
but not at all a fancy job. Careful study will show that many 
requirements common in specifications are absent from this one, 
for the reason that they do not appear necessary for the pro- 
duction of good concrete. ‘‘Dusting” on a cement finish is one 
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such item, often prohibited. I am satisfied that equally good 
work may be secured by this method—and that much damage 
may be done fresh concrete by wheeling over it heavy carts of 
mortar when it is only a few hours old. This method, inci- 
dentally, is much less expensive than the older standard, and 
does not interrupt the concreting operation. 

I shall be interested to have the discussion of many other 
contractors and superintendents and specification writers to the 
end that this document may be further improved for practical 
use in the manner intended. I shall also be glad to know of the 
experience that others may have in actually using this specifica- 
tion in their work, which is a much better test of the quality of 
this document. 


DISCUSSION BY A. S. DOUGLASS 


I wish to approve herewith the above specifications as the best 
available specification at this time and recommend its adoption 
by the American Concrete Institute, but in so doing wish to 
make comment on that specification, with a further recom- 
mendation that the Institute consider the necessary work of 
revising it along the lines which I will indicate. 

It has always been my thought that a general specification 
should consist, as far as suitable, of references to standard detail 
specifications and that only such additional language should 
appear in the general specification as cannot be found in the 
standard detail specifications. More specifically, I feel that all 
reference to concrete mixing and proportioning practice, to 
portland cement, to aggregates, to reinforcing steel, should be 
limited strictly to reference to accepted existing specifications, 
and I find in this specification many paragraphs devoted to 
detailing of matter which, it seems to me, should appear only 
in the manner I have above described. 

Were I to attempt, however, to prepare a specification drawn 
along these lines I should immediately encounter the following 
situation: 

In the 1929 directory of the American Concrete Institute, page 
12, under “A. C. I. Standards,” in the middle of the page reference 
is made to “Standard Specifications for Concrete and Reinforced 
Concrete.” Further down the page reference is made to “‘Stand- 
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ard Specifications for Concrete Floors,” and still further down 
to “Tentative Purchase Specifications For Concrete Aggre- 
gates.” It is my thought that the proper procedure would 
be for the specifications under discussion to limit itself, on 
these subjects, to reference to these specifications, if they are 
still valid. However, I find the first Standard above referred 
to is dated August 14, 1924, and a brief study of that 
Standard shows it not to be strictly up to date with respect 
to modern field practice. Further, many districts, of which 
Detroit is one, have gone to considerable effort to perfect a 
local specification for aggregates suitable to the particular 
district in question. I feel that provisions in the specifi- 
cation under discussion should recognize these varying local 
specifications and make them applicable to the General Specifi- 
cation by reference. For obvious reasons, it is impracticable 
to make a single national standard aggregate specification. 

From the foregoing it appears, to draw a general specification 
of the sort being discussed, and to conform with the ideal -of 
the writer, it would be necessary to bring up to date all con- 
stituent specifications which should be referred to. Mr. Lord, 
in my correspondence with him, has called attention to the 
desirability of having this specification a complete working 
document. This should be accomplished by reference and quota- 
tion from constituent specifications. If done in this manner it 
would insure the uniform specification standards for which I am 
seeking. 

In all the foregoing the purpose I have in mind is to avoid 
variation in wordings, variation in ideas, and to afford contractors 
and vendors, as nearly as possible, a definitely comparable basis 
for estimating their work. I realize in making these comments 
that it is quite idealistic but I am sure, nevertheless, that the 
accomplishment of this ideal would be in the direction of clarity 
and standardized practice, the benefits of which seem obvious. 

There is another problem presented in this specification which 
I should like to mention for consideration, even though I must 
admit that I can offer no good solution. On page 8, paragraph 13, 
the first sentence places entire responsibility on the contractor 
and the balance of the paragraph specifies a procedure which 
must be followed, subject to the limitations of the first sentence. ~ 
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It seems to me that a matter of this sort is one of the most 
difficult to handle in a way to meet all objections. The question 
seems to be—shall full responsibility be placed on the contractor 
and stop at that, or shall the engineer specify, step by step, what 
the contractor may or may not do? Both extremes have their 
undesirable aspects, and the more I ponder on the solution the 
less sure I am that I can evolve an entirely suitable one. 


DISCUSSION BY A. B..MAacMILLAN 


I have studied the Specification prepared by Arthur R. Lord 
carefully and approve it generally. There are two items, how- 
ever, in which our practice is at variance. 


First, “Cold Weather Protection’’—our standard specification 
for this purpose is as follows: 

If concrete is mixed and placed during cold weather, that is, when the tem- 
perature is below 35 degrees F., at any time during the day or night, of if 
any part of the aggregate contains frozen particles, regardless of the outside 
temperature which prevails at that time, the aggregates and the water shall 
be heated uniformly throughout their masses to a temperature of not less than 
50 degrees F., and shall be not less than the above temperature immediately 
before being placed in the mixer. 

When the temperature during the day or night drops below 35 degrees, 
canvas screens or other approved means of protection shall be erected around 
all concrete work and heat from salamanders or other sources shall be con- 
tinuously supplied for at least seventy-two (72) hours from the time the 
concrete is poured, in amounts sufficient to insure a temperature of not less 
than 40 degrees F. being maintained in the air surrounding the concrete work. 

Care shall also be taken to insure that the temperature of any new concrete 
surfaces adjacent to the source of heat does not exceed 100 degrees F. 

The other requirement with which I cannot agree, relates to 
the use of tremies. A tremie is excellent but we have found that 
a special bottom dump bucket which must be lowered until the 
bottom is resting on the prepared surface or on the surface of 
concrete already poured before it can be tripped gives equally 
good results and is much more practical for use in some loca- 
tions than a tremie would be. I recommend that the use of 


such buckets be permitted. 


Readers are referred to the Journau for March, 1930, for fur- 
ther discussion. 


PERMISSIBLE OPENINGS IN CONSTRUCTION 
Report of Committee 306 
BY ALBERT SMITH, * AUTHOR-CHAIRMAN 


Mr. Smitu was assigned the task of writing a report con- 
tributing to rational practice with respect to openings in con- 
crete construction, in which there have been many abuses— 
“Conditions requiring unframed openings; effect of openings 
of various sizes on stresses and deflections; effect of location 
of opening; special reinforcement about openings; shrinkage 
stresses at openings; early form work removal; recommended 
practice in design.’’ This partial or progress report, prepared 
by Mr. Smith, has been approved by A. E. Lindau and Prof. 
G. A. Maney as the two critic members of the committee. 

—EDpIror. 


In any concrete floor there is no point at which there is not 
either shear or moment, and no area in which both are not 
present. 

Any hole of finite area therefore, causes a disturbance in the 
lines of stress, and if the opening is large the increased stresses 
at the edges and corners of the opening may largely exceed the 
safe units. 

Exact computation of the stresses thus produced is very 
difficult, and in nearly all cases unnecessary. Where the open- 
ings are large approximate computations can be made readily, 
and where openings are small office rules can be made to provide 
for the stresses. 

Holes, whose major dimension does not exceed three times the 
thickness of the slab, require no special provisions except where 

*Smith & Brown Engineers, Inc., consulting and designing structural engineers, Chicago, 
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they occur within the middle half of the compression length of 
the top flange of a beam or joist, and then only when they remove 
a portion of the tributary flange. 


When small openings are so located as to rob the flange the 
average stress in the diminished flange should be somewhat less 
than the design unit. 


Design specifications permit the inclusion in the computed 
flange of a width of 8t of slab on each side of a double flange beam 
and 6t of slab in a single flange beam. The compression in the 
slab does not however become zero at a distance 8t or 6t from the 
face of the beam. It extends in diminishing amount to the mid- 
point between beams. Any opening therefore causes the detour- 
ing of considerable stresses around the edge of the opening. 

Where the opening is larger than 3t its edges should be rein- 
forced by rods of a size depending on the thickness of the slab. 

Where an edge of such opening lies within 8t or 6t of the face 
of the beam, in addition to the concrete and steel required for 
flange stress, the edge parallel to the beam should be reinforced 
with steel adequate to carry 4% the expected compression stress in - 
the tee section cut away. 


ihus— 


f4-Bottorm 


2 
al flange aes 
for Stress ot 800% 


9x 25x B00 _ ts 
Area Steel= $e ng 708" Use lt 


If such a hole occurs where the flange stress is less than maxi- 
mum, the extra edge steel may be correspondingly reduced, 
The rods on the other edges of the opening carry in tension the 
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bending from the load on the band of slab cut by the opening and, 
in addition, help resist the shears from the detoured stresses. 


Where a beam or joist has an abrupt change in height of top 
flange, stirrups must be provided to resist the horizontal and 
vertical shears developed by the change of course of the com- 
pressive stress. Where in a tee beam the low tee is prolonged 
so that the high tee laps over the lower not less than five times 
the drop in floor level no special reinforcing is required. If the 
drop occurs at a point in the length of the beam where the moment 
stress is low no special reinforcing is required. It is assumed here 
that the normal requirements for diagonal tension have been met. 


Embedded vertical pipe sleeves, which do not interfere with 
the proper placing of the moment steel, will not necessitate 
additional provision for diagonal tension. 


Embedded horizontal pipe sleeves, if not greater in diameter 
than d/3, and if so placed that the top is at least d/4 from the 
surface of concrete, need no special reinforcement, if net concrete 
area is adequate for shear. If the top of the sleeve is less than 
d/4 from the surface of the concrete at a point along the beam 
where the positive moment is as much as half the maximum, 
such a sleeve shall be wrapped with mesh. If the diameter of 
the sleeve is greater than d/3, special stirrups shall be provided 
to carry the shear across the sleeve. 

If tin sleeves are used instead of pipe sleeves, the full section 
lost shall be counted as lost, whatever the size of the sleeve. 

Any hole cut in slab or beam stem shall be assumed to have 
robbed the section of an area two inches greater than the actual 
dimension of the hole. Where such holes are cut in beam stems 
the net shear in the remaining section should be much less than 
the code unit. Where diameter of hole exceeds d/4, or being 
less than d/4 still causes the shear stress to be 75% of the design 
unit, the hole shall be lined with an iron sleeve packed in ham- 
mered dry grout. 


Holes in flat slabs produce additional stress in two edges if 
reinforcing is in one direction and on four edges if it is two-way. 
If the edges of the hole receive a concentrated load this effect 
is increased. Special steel must be placed to resist the increased 
stress. In the design of the slab the load from the interrupted 
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bands may be assumed to be carried by the adjacent slab in a 
width of 5t. 

In a Flat Slab Floor, holes in the A bands must not rob the 
band of more than 25% of its width, and if less than 25%, the 
interrupted band steel shall be placed in close spacing as near as 
possible to the edge of the hole. In moderate spans and light live 
loads the conerete stress of the band will not be dangerously 
large. The continuity of contiguous bands shall be increased by 
top steel on the 45 degree lines. 

Where in long spans heavy live loads produce a concrete stress 
near the design unit compression reinforcing should be introduced 
at the edge of the opening. 
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If the hole cuts more than 25% of the band,"either the drop 
shall be prolonged between the columns or the opening framed 
with special beams. 
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Holes within the drop shall similarly be framed with additional 
steel and in two directions. If such holes exceed 25% the width 
of the drop the opening shall be framed with beams. 

Pipe holes in both drop and capital must be framed with pipe 
sleeves. 

Openings, which rob the capital of 25% of its bearing edge 
under any band shall be framed with special brackets. 


Readers are referred to the JourNau for March, 19380, for dis- 
cussion which may develop. 


PORTLAND CEMENT Stucco FINISHES 
Report of Committee 401 
BY W. D. M. ALLAN,* AUTHOR-CHAIRMAN 


In the preparation of this report the Author-Chairman. has 
had the active cooperation of the critic members of the committee: 
F. O. Anderegg, Mellon Institute of Industrial Research, Uni- 
versity of Pittsburgh; C. S. Downs, manager Art Stone Products, 
Inc., 52 Vanderbilt Ave., New York City; J.C. Pearson, assist- 
ant to chemical engineer, Lehigh Portland Cement Co., Allen- 
town, Pa.; Allan Stubbs, California Stucco Products Co., 
930 Grant Bldg., Pittsburgh, Pa.; Arthur Ware, architect, 1170 
Broadway, New York City. The report has been subjected to 
their criticism and 1s approved by them subject to a footnote 
inserted as a result of suggestions from Dr. Anderegg.— Ep1Tor. 


INTRODUCTION 


THE assignment to Committee 401 was to prepare a summary 
of available information on the best practices governing portland 
cement stucco finishes. Recent years have witnessed consider- 
able development in this field with the result that earlier practices 
have had to be changed to meet present conditions. 

A review of available test data, with the exception of the work 
done by the Bureau of Standards, does not disclose any consider- 
able amount of scientific research work upon which to base a 
recommended practice. The present recommendations seem to 
be largely the result of opinions drawn from the experiences of 
those closely connected with the stucco business. 

While not definitely a part of the Committee’s assignment, it 
wishes to point out that there is a wide disparity between the 


*Manager, Cement Products Bureau, Portland Cement Ass’n., Chicago. 
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recommendations for good stucco construction and the practice 
followed in the field. Those who are interested in improving 
stucco conditions must devote more time to getting the architect, 
contractor and plasterer familiar with the requirements of stucco 
construction. 

In connection with the demand for color in architecture, stucco 
fills a definite place in the building material ‘field. Color and 
texture are the peculiar advantages of portland cement stucco, 
which along with its durability and adaptability, make it an un- 
usually effective method for the expression of beauty and in- 
dividuality. p 

GENERAL 

Successful work depends in a very large measure upon the 
suitability of the structure over which the stucco is placed. If 
the structure moves from any cause, the strain placed upon the 
stucco slab may cause it to crack, even though best practices are 
followed in the selection of materials and the application of the 


stucco itself. There is no doubt that improper underconstruction — 


paves the way for a large majority of stucco failures. In the 
successful use of stucco the following fundamentals must be 
provided for: 

1. The building must be rigid and designed for stucco. 

2. The stucco must be applied to a suitable base. 


3. The stucco mortar must be properly proportioned and 
thoroughly mixed from carefully selected materials. 

4. It must be applied by workmen familiar with the properties 
of portland cement mortars. So far as available information 
justifies definite conclusions this summary is offered as the 
Committee’s recommendations covering the application of port- 
land cement stucco. There are several important points upon 
which there is a difference of opinion. In so far as it is possible 
the Committee has stated the leading differences and has pointed 
out wherein additional test data are necessary. 


In any general discussion of stucco it should be kept in mind 
that there are two general types of construction. Stucco is 
either a thin slab of concrete bonded to and an integral part of 
the backing, or it is a thin reinforced concrete slab attached to but 
not an integral part of the backing. 
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DESIGN 

Keep water from getting back of stucco is the first requirement 
of stucco design. Adequate flashing at all places where water 
might get behind the stucco slab and the use of drip grooves on 
all moulds, caps and sills is essential to satisfactory stucco per- 
formance. Stucco should be confined to vertical surfaces and the 
stucco should be stopped at a line approximately 6 inches above 
the grade, preferably at a masonry water table. This is to pre- 
vent ground water from getting back of the stucco and also to 
reduce the danger of water splashing onto the stucco causing 
discoloration and possible disintegration due to frost action. 


CONSTRUCTION 


Roof gutters, down spout hangers and all other supports of any 
kind should be in place previous to the application of any stucco 
in order to avoid breaks in the surface and to get watertight 
construction. 

Masonry Walls—Walls of concrete masonry, hard burned clay 
tile and hard or medium burned clay brick are satisfactory for 
the direct application of portland cement stucco. The rigidity 
of masonry walls makes them superior to frame walls as backing 
for stucco. 

Masonry walls should be laid in mortar not leaner than 1 part 
cement to 1 part lime to 6 parts of sand. Joints should be cut 
back even with the face of the wall or slightly raked. The surface 
to which stucco is to be applied should be rough and of coarse 
texture and be free from dust, dirt and loose particles. Provision 
of adequate mechanical key is necessary where the absorption of 
the base is low, making it difficult to get a strong suction bond. 
Wood lintels should not be used over wall openings in masonry 
— construction. 

Monolithic Concrete—Monolithic concrete walls that have 
rough surfaces are suitable bases for the direct application of 
portland cement stucco. When the surfaces are not rough 
enough to provide physical anchorage for the stucco, it is neces- 
sary to provide additional mechanical key. The following 
methods are frequently used: 

1. Old monolithic concrete walls 

a. Old monolithic concrete walls can be roughened with bush hammers or 
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similar tools, after which they are washed with water to remove all dirt and 
loose particles. 


b. Washing with a solution of 1 part muriatic acid to 6 parts water fre- 
quently will etch the surface sufficient for mechanical bond. A wall to be 
acid washed should first be drenched with water to prevent the absorption of 
the acid and limit its action to the surface. Several applications of the acid 
treatment may be necessary to provide ‘the desired results. After the wall has 
been acid treated, it should be thoroughly washed with water to remove all 
traces of the acid and loose particles. : 


2. New monolithic concrete 


a. New monolithic concrete can be roughened with a heavy wire brush or 
other scoring tools if the forms can be _removed early enough. Care must 
be taken not to remove the forms, however, until the concrete is self-sustaining. 
Soap or oil coating should not be used on forms for monolithic concrete that is 
to receive stucco as they are likely to interfere with a satisfactory bond. 


b. Another effective method of providing rough surfaces to new mono- 
lithic concrete is by the application of a special large mesh burlap fabric 
tacked to the form face. When the forms are removed the fabric remains 
embedded in the surface and should be stripped off immediately before the 
surface concrete has a chance to dry. This leaves a roughened surface that 
provides an excellent mechanical key for the first coating of mortar. 

c. Use of proprietary compounds painted on the forms before the concrete 
has been placed retards the hardening of the surface mortar. As soon as the 
forms are removed the surface mortar is brushed off with a wire brush and the 
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wall washed, exposing the aggregate. The brushing must be done early or the 
surface mortar will become hard and very difficult to remove. 

Wood Frame—Wood framed structures, which are to be 
stuccoed, must be well braced to provide rigidity. Studs should 
be placed on 16” centers when sheathing is used and on 12” 
centers for backed plastering or open frame construction. The 
studs should be continuous from sill to rafter plates to avoid 
points of weakness in the wall of construction. Diagonal braces 
of 1 x 6-inch lumber, 6 to 8 feet long let into the studs on their 
inner faces at upper and lower corners of each wall and bridging 
between the studs at least once in each story height, are necessary 
for proper rigidity. Double studding should be used at all 
corners and angles and around all windows. 

There is considerable difference of opinion as to the value of 
sheathing on frame stucco structures. The insulation which is 
furnished is probably the chief advantage. If sheathing is used, 
it should be placed horizontally across the studs and not diagonally 
although in many sections of the country diagonal sheathing is 
used on account of the increased bracing which it provides. 
Sufficient rigidity, however, will be obtained by using the system 
of bracing described above and a considerable saving will be 
effected in both labor and material by placing the sheathing 
horizontally. 

Frequently the shrinkage and warping of lumber used in wood 
frame construction is responsible for damage to the overlying 
stucco slab. It is advisable to use only well cured lumber. All 
joists, studding, bracing and sheathing must be securely nailed. 

In view of the importance of insulation considerable attention 
is now being given to the use of various types of insulating boards 
in place of wood sheathing. In general it is permissible to sub- 
stitute any approved insulating board for wood sheathing pro- 
- viding the frame is adequately braced. When sheathing of any 
kind is used, it should be covered with a good grade of waterproof 
building paper, applied in weather-board fashion with each strip 
lapping the strip below and all flashing at least 2 inches, and all 
end or vertical joints lapping at least 12 inches and tightly 
nailed. The paper prevents the sheathing from robbing the 
stucco of its moisture and also serves as insulation. 

In certain sections of the country, notably California and 
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Florida, open construction in stucco work is used. In this type 
of construction sheathing is dispensed with, building paper being 
fastened directly to the studs. To prevent the paper from tear- 
ing, wires are stretched across the face of the studs at 8” intervals 
before the paper is applied. 

There are several types of paper backed metal bases on the 
market which are applied directly to the studs. They have the 
advantage of paper, furring and base being applied in a single 
operation. The paper is generally fastened to the reinforcement 
sufficiently loose so that the pressure of the trowel in applying 
the mortar causes the paper to bulge enough to permit practically 
all strands of metal to be thoroughly embedded. In selecting 
paper backed metal reinforcement, particular attention should be 
given to the method by which the paper is fastened to the rein- 
forcing. There should be at least 34” between the paper and the 
back of the metal when the scratch coat of mortar is applied. 
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(LOWER RIGHT) DETAIL OF WINDOW SILL. 


In back plastered construction neither sheathing or building 
paper are used. The metal reinforcement is fastened directly to 
the studs. The coat of back plaster is usually 3%” or more thick. 
Construction of this type performed very creditably in the recent 
Florida storms. However, walls in both open and back plastering 
construction lose the insulating value of sheathing and to com- 
pensate for this in regions of wide temperature range a layer of 
insulating material must be placed between the studs. 
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Metal reinforcement for stucco should be of a large mesh type 
of expanded metal or wire fabric. Its minimum weight should be 
1.8 pounds per sq. yd. Opening should be not smaller than 34” 
square, nor larger than 2” square. Large openings in the rein- 
forcement are necessary so that the mortar may be pushed 
through to the backing completely embedding the metal. In 
back plastered work reinforcement with small mesh is necessary 
in order to hold the fresh mortar. The weight should be not less 
than 3.4 pounds per sq. yd. 

Reinforcement should form a continuous network of metal 
over the entire surface. All laps should be at least 1 mesh wide 
and tightly wired with soft annealed wire. If the laps are meshed 
together carefully, the use of butt joints gives a greater uniformity 
in the section of the reinforcement. Reinforcement should be 
returned at all corners one stud width in open and back plastered 
construction and six inches in sheathed construction. Thick, 
bulky laps, especially when insecurely tied, are a source of 
trouble in stucco work. 

It is essential that metal reinforcement be furred out not less 
than 34” from the supporting base. Furring should locate and 
securely fasten the reinforcement as near the center of the stucco 
slab as possible. At the same time no type of furring should be 
used which by its nature would materially reduce the thickness 
of the slab under the furring and thereby induce cracking. Metal 
and wood furring strips are to be discouraged. Nails which carry 
a metal furring device are recommended above any other types 
of furring. Several such nails are now on the market. Large 
mesh reinforcement properly furred out with these nails makes it 
impossible not to completely embed the metal. 

Discussion—There is a tendency to promote reinforcement devices designed 
to save mortar and labor of applying it. Any plaster saving device that leaves 
part of the reinforcement exposed while the remainder of it is embedded should 
be viewed as dangerous. A minimum of 3” of the material at the back of the 
metal is essential for protection against corrosion on all exterior work and 
interior work exposed to moisture. 

Proportions and Mixing—The present tendency is towards 
stucco mixes as lean as can be worked. For base coats a propor- 
tion of 1 sack of cement to 3 cu. ft. of aggregate and 10 pounds 
of hydrated lime is widely used. The size and the grade of the 
aggregate have an important bearing upon the quality of the 
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stucco and the ease with which it can be handled. All the 
aggregate should pass the No. 4 sieve. As much as 5% passing 
the 100 mesh sieve is desirable and more than 10% is to be 
avoided. Care should be taken to select aggregates that are free 
from injurious amounts of silt or other impurities.* 


Discussion—Mixes varying from 1 to 114 to 1 to 4 have been recommended 
and used in different parts of the country for under-coat construction. The 
more fines in the mix, whether the fines be cement or fine aggregate in the form 
of pulverized stone or special admixtures, the greater the tendency towards 
shrinkage. In general more care should be used in the selection of the aggre- 
gate so that the desired workability can be obtained with a mix not richer than 
1 part cement to 3 parts of aggregate. 


One source of trouble in stucco work often overlooked is 
variation in subsequent batches caused by inaccuracy in meas- 
uring. Bulking of sand due to moisture is probably the biggest 
source of error. Very few plasterers take into account that sand 


*F, Q. Anderegg writes: In the course of studies recently made by the writer with others, 
the results of which are not yet available in published form, there are being developed two 
mathematical equations for grading aggregates with results to determine the tolerance limits of 
grading. In connection with these studies it appears that a limit of 35% material passing the 
100 mesh sieve (present American Concrete Institute Specifications) 1s too low. {t appears 
that this 35% limit was fixed as a means of controlling the amount of very fine admixtures 
added to improve workability, and which are known to be harmful to the stucco. Most of this 
harm arises from the increased water requirement indicating that a more logical method of 


control might be to limit the mixing water to 2.5 or 2.75 gallons per hundred pounds of ready 
mixed stucco, 
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may bulk as much as 30%. It is recommended that sand for 
undercoat work be either kept uniformly wet or thoroughly dry. 
Discussion—Where a mix of 1 part of cement to 3 parts of sand is recom- 


mended for undercoat work it is intended that the sand be proportioned on 
the basis of dry and rodded volume. 


Workability is an important consideration in stucco mixtures. 
If a mix is harsh more time and effort are required for its applica- 
tion and in addition wastage will be excessive. Lime is the most 
commonly used plasticizing admixture to improve workability. 
In general the quality of stucco mixtures is improved by using 
the least amount of fine material consistent with necessary work- 
ability. 

Hair or fibre is used only in the first coat of stucco in back 
plastered construction. 

In properly proportioned and applied stucco it does not appear 
to be necessary to use waterproofing materials to increase the 
density of the slab. It is particularly important where water 
repellant waterproofings are used that the stucco coats be kept 
wet until they have had sufficient time to properly cure. If they 
dry out too rapidly the moisture that is essential to curing cannot 
re-enter. 

Discussion—The use of waterproofing in stucco mixes is the source of more 
discussion than any other factor connected with stucco. Opinions vary widely 
regarding the necessity or advantages of waterproofing. Even among those 
who insist that waterproofing is advantageous there is a wide difference of 
opinion regarding the usefulness of the different kinds. Test data available 
are not sufficient to warrant any other conclusion than that we must rely on 
properly applied and properly cured stucco to develop satisfactory results. 

In view of the wide difference of opinion and the claim that integral water- 
proofing of a repellant nature is advantageous in reducing efflorescence and dis- 
coloration the Committee feels that this subject should be investigated thor- 
oughly before any change is made in its present recommendations. 

The introduction of color in stucco requires very accurate 
control in the preparation of finish coat material. The develop- 
ment of modern textures also requires considerably more plasti- 
city in portland cement mortars than was needed for rough cast 
coats or float finishes of the past decade. Demand for plasticity 
has led to the use of numerous plasticizing agents in finish coat 
stucco without full knowledge of the effect upon the material. 
In view of the severe exposure which stucco must withstand only 
mortars of the highest quality should be used. In order to insure 
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high quality, finish coat portland cement stucco should be re- 
quired to meet the Tentative Standard Specifications adopted by 
the American Concrete Institute in February, 1929. Especially 
where color is to be used, factory prepared finish coat is recom- 
mended provided it meets standard specifications. 

Discussion—The trend toward textures in finish coat stucco has increased 
very greatly during the past 6 to 8 years. Mixtures that were quite satis- 
factory prior to this time cannot be used for modern textures. The result is 
that the use of plasticizing agents has increased very rapidly. The following 
are commonly used: 

Hydrated lime~ 

Asbestos flour or fibre 

Clays 

Pulverized marble or silica 
Diatomaceous earth 

The use of plasticizing agents in general has increased the total 
amount of fine material in finish coat stucco over that which is 
used in base coats. There is disagreement as to whether the in- 
crease in the percentages of admixtures leads to unsatisfactory 
results. One group claims that finish coat material is merely a 
decorative and color coat and that if the under-coat work is 
properly done the finish coat does not need to be of high quality 
mortar from the standpoint of strength and density. The other 
group claims that the finished coat material being exposed im- 
mediately to the action of frost, acids in the air, efflorescence and 
absorption of dirt from the atmosphere should be composed of a 
strong dense mortar. No direct data are available to support 
elther of these contentions and experience in certain sections 
seems to bear out both. More information is needed on the 
question. The Committee holds to the point that a portland 
cement stucco should have the properties of a portland cement 
mortar and, therefore, recommends that the finish coat material 
have essentially the same requirements as the base and should 
meet the Tentative Specifications of the American Concrete 
Institute for Finish Coat Stucco. 

Discussion—Opinions also differ widely on the effect of rich mixes in port- 
land cement finish coat stucco on shrinkage. It is contended that a mortar of 
2,000 pounds per sq. in. contains sufficient cement to cause excessive shrinkage 
cracks and that if a weaker mortar were used the cracking would be less harm- 


ful. The other contention is that a certain degree of plasticity must be obtained 
in finish coat material regardless of how it is gotten and that it is no more harm- 
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ful to use a strong mortar in which there is a relatively large amount of cement 
than it is to get the plasticity through the use of admixtures. In other words, 
more information is needed on volume change in stucco mortars when applied 
to absorptive backings. 

Number of Coats—Three coats of stucco are required on frame 
structures and on masonry. One or two coats are sufficient on 
monolithic concrete depending on the texture desired. 


Application—The first coat should entirely cover and bond 
firmly to the base, since it attaches the stucco to the wall and 
sustains the weight of the other coats. It should be approximately 
34” thick over the face of the base in order to receive rough and 
deep scoring which provides mechanical key for the second coat. 

In general first coat of stucco should be dashed on monolithic 
concrete and should be allowed to harden before it is touched in 
any way. Trowelling frequently entraps a considerable amount 
of air between plaster coat and concrete. An ordinary dash 
brush is used and a mortar of creamy consistency thrown on with 
a strong whipping action at right angles to the surface of the wall 
covering at least 75% of the wall surface. The mortar is com- 
posed of 1 part cement and 11% parts aggregate. 

The function of the second coat is to straighten the wall and 
should be approximately 3” thick. After it has stiffened it 
should be smoothed and compacted with a wooden float which 
will leave the surface rough enough to receive the finish coat. 

Discussion—lIt is contended by some that the brown coat which is frequently 
finished with the steel trowel should be lightly cross scratched in order to 
provide sufficient bond for finish coat. This cross scratch may be deep enough 
to interfere with thin finishes. However, unless the brown coat is finished 
with a wooden float after the mortar has stiffened considerably it will probably 
be safer to lightly cross scratch the surface. : 

The finished coat is of the thickness required by the texture. 

It is the Committee’s recommendations that after each coat of 
stucco is applied a period of damp curing, at least 2 days, should 
be provided in order to let the cement in the mortar get a good 
start toward hydration and that the coat then be allowed to dry 
for several days before the succeeding coat is applied. Just prior 
to applying the succeeding coat the wall should be lightly and 
uniformly dampened to control suction but it should not be 
saturated. By allowing each of the first 2 coats to dry thoroughly 
for at least 5 days after they have been damp cured the shrinkage 
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due to evaporation of moisture will develop all cracks that are 
likely to occur in under-coats. The finish coat being generally 
thin, has the large part of its water rapidly absorbed by the 
second coat, consequently the small cracks that might develop 
immediately are compacted by the plasterer in the application of 
the texture. 


Discussion—W hether considerable time should elapse between application 
of the various coats of stucco or whether they should be applied on succeeding 
days is a controversial question among stucco men. The Committee believes 
that the majority favor a curing and drying interval between courses but it 
recognizes that there is no unanimity of opinion on this point and recommends 
that further study be given to this matter. 

In applying moisture for curing or regulating suction, a fine 
fog spray is recommended in preference to a strong hose stream. 
The walls should never be completely soaked with water as this 
will lead to efflorescence. For curing stucco coats, the fine spray 
should be applied frequently so that the wall does not become 
dry at any time during the first two days, but at no time should 
sufficient water be applied to the stucco to cause saturation. 


No other phase of portland cement stucco work is so neglected 
as that of protection and curing. While curing is of vital im- 
portance in all forms of concrete, it is particularly important in 
thin stucco slabs that may be subjected to excessive absorption of 
water by the backing and to excessive evaporation from hot dry 
winds. 


Readers are referred to the JouRNAL for March, 1930, for dis- 
cussion which may develop. 


DISINTEGRATION OF CONCRETE 
Report of Committee 803—Disintegration of Concrete 


BY G. MM. WILLIAMS, * AUTHOR-CHAIRMAN 


TO PROFESSOR WILLIAMS was assigned the task of preparing 
a summary of available knowledge of the nature of ‘‘corrosion”’ 
as found in Concrete—its causes, effects and control in (1) 
manufacture, (2) curing, (3) insulation or protection. He has 
had the close cooperation and constructive criticism of the 
following, the members of Committee 803: John R. Baylis, 
Bureau of Engineering, Dept. of Public Works, Chicago; 
D. G. Miller, Senior Drainage Engineer, U. S. Dept. of Agri- 
culture, University of Minnesota; T. Thorvaldson, Director of 
Chemical Research, University of Saskatchewan, each of whom 
approves the report as made here by the author-chairman. This 
was the first available report from the new committees organized 
last spring.—EnpirTor. 


DurineG the last thirty years portland cement concrete has 
become one of the most valuable of structural materials adaptable 
to an almost infinite number of purposes owing to the ease with 
which it may be molded into useful forms. It has not only taken 
the place of older materials but has perhaps a wider variety of 
uses than any one of the materials which it has supplanted. 
Years of experience with wood and stone and steel have estab- 
lished conditions under which they may be used with apparently 
no limit to their lives. Under other conditions sometimes en- 
countered their lives may be extremely short unless some form 
of protection or treatment is afforded. It can be stated safely 
that no material of engineering is permanent under all possible 
conditions of use. Therefore it is to be expected that under 


*Professor of civil engineering, University of Saskatchewan, Saskatoon. 
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some exposure conditions the useful life of concrete may be 
reduced to a fraction of that which is necessary for and expected 
of a permanent material. Deterioration of concrete under a 
few of these many new applications does not necessarily indicate 
that it is a material unsuited to such uses but rather that study 
must be made to determine causes and to discover possible means 
of alleviation and their application in practice. The most common 
forms of deterioration encountered may be classified under the 
headings of, (1) acid action, (2) weathering, (8) action of sea 
water and (4) action of alkali. 


The life of concrete exposed to one or more of the foregoing 
conditions has in numerous cases been cut short, as measured by 
appearance and loss of strength brought about by chemical 
changes in the cement, to such an extent that doubts have been 
expressed as to the advisability of its use under such conditions of 
exposure. While much work remains to be done field and labora- 
tory studies have furnished much information as to how such 
disintegrations occur and what precautions in the future will 
alleviate if not fully eliminate much of the rapid deterioration 
which has resulted under such exposures. Diagnosis of causes of 
deterioration and the prescription of suitable remedies especially 
in the early period of concrete destruction has been handicapped 
by lack of knowledge of the chemistry of cement. That the cement 
in the concrete has been altered chemically has been apparent in 
the earliest studies of these forms of disintegration, but little has 
been known concerning the reactions actually taking place. 
Studies of the constitution of cement and the combination of 
these constituents with substances such as salts in solution will be 
of assistance in explaining the changes which cement undergoes 
and conditions which must be provided for to insure greater 
permanency. 


THE ACID DISINTEGRATION OF CONCRETE 


It is well known that cement, both in the hydrated and un- 
hydrated forms is soluble in many organic and inorganic acids. 
Most cases of acid disintegration of concrete structures have 
occurred in peat soils. Both in Europe and on this continent, 
building foundations and hydraulic structures of portland cement 
concrete exposed to ground waters draining through peat soils 
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have been attacked. In Europe Rennie, Volger, Tacke, Bersch 
and others have studied peat soils and the latter three have 
discussed the disintegration of portland cement concrete exposed 
to the soil acids. In America Alway! and Elliott? have reported 
on deterioration of cement under similar conditions. The Bureau 
of Standards* ‘has reported a case of disintegration of the acid 
type, probably due to some organic soil acid, where peat was 
-not present. Different investigators are not in agreement as to 
the causes of deterioration but the action is generally attributed 
either to (1) humic acids, (2) the oxidation of iron sulphides or 
(3) hydrogen sulphide, of which the first two are considered to 
be of most importance. In any case the visible effect is the 
dissolving away of the cement on exposed surfaces, freeing the 
aggregate particles which fall away in case the action is progres- 
sive. The practical conclusion readily apparent is that portland 
cement structures must be protected from contact with acid 
soils and waters if they are to be permanent. 
THE WEATHERING OF CONCRETE 


All structural materials exposed to alternate heat and cold and 
wetting and drying tend to disintegrate at a rate dependent upon 
their relative quality and the severity of exposure. Wood rots, 
or dries and cracks with separation of the wood fibers, iron rusts 
and rocks slowly decompose to form soil when exposed to chang- 
ing climatic conditions. Concrete responds in the same manner as 
evidenced by observations of structures which have been in) 
service from a few to many years. The hydration of cement 
which may extend over a long period of time liberates free lime 
which tends slowly to carbonize. Both forms are soluble in 
water (lime in pure water and calcium carbonate in water con- 
taining carbon dioxide) and may be removed if the concrete is 
permeable and exposed to moisture. Concrete as a structural 
material has been in use a comparatively short time so that it is 
not possible to state what the average life should be under the 
varying conditions of its use. However it would seem that 
enough is now known concerning cements, aggregates and pro- 
cesses of fabrication to justify the statement that the probable 
SaaS i ek Tas ah ia of Tile in Peat Soil’? American Peat Society, Vol. 15, No. 3, July 


2Blliott—‘Effect of Organic Decomposition Products from High Vegetable Content Soils 
Upon Concrete Drain Tile” Journal of Agricultural Research, Vol. 24, No. 6, May 12, 1923. 
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life of good quality concrete under normal atmospheric conditions 
will be as great as for any competitive building material. Most 
cases of deterioration now at hand of concrete exposed to atmos- 
pheric conditions can be accounted for by disregard of standards 
of materials and practice in its manufacture which are now recog- 
nized as of fundamental importance. , 


DISINTEGRATION IN SEA WATER 


During the latter part of the 19th century many studies and 
experiments were made by European engineers and chemists to 
determine the cause of disintegration of cement in sea water 
construction. Among the European investigators are found the 
familiar names of Candlot, Dyckeroff, LeChatelier, Maynard 
and Michaelis. In their studies portland, slag, natural and 
modified cements were used and various theories were advanced 
to explain the processes of disintegration. The work done by 
these men served as a starting point as well as a source of reference 
when studies of sea water and alkali water disintegrations were 
begun in America. With the increasing use of portland cement in 
sea water construction in America at the close of the last century 
the same types of disintegration appeared and many references 
to the trouble began to appear in American technical literature. 

Probably the most extensive study in America was that made 
by Bates, Phillips and Wig? in which mortars and concretes of 
portland, iron ore, slag and natural cements employed in the 
laboratory and in sea water exposures. Their conclusions (1912) 
may be briefly summarized as follows: 

1. Properly made portland cement concrete when totally 
immersed is apparently not subject to decomposition by the 
chemical action of sea water. 

2. Natural, slag and other special cements tested in concrete 
mixtures showed normal increase in strength with age both in 
sea water and in fresh water. 

3. Inthe form of neat briquettes most of the portland cements 
of high iron content, several of the cements of high or normal 
alumina content and one special slag cement did not show any 
marked difference in tensile strength whether exposed to fresh 
or sea water for all periods up to two years. Other cements of 


’Bates, Phillips and Wig—‘‘Action of the Salts in Alkali Water and Sea Water on Cements.”’ 
Bureau of Standards Tech. Paper No. 12, i912. 
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various compositions showed signs of disintegration after a few 
weeks. 

4, All cements resisted disintegration in sea water better in 
mortar mixtures than in the form of neat briquettes. In most 
cases the mortar briquettes had normal strength up to 2 years 
exposure. 

5. In the presence of sea water or similar sulphate-chloride 
solutions: 

(a) The most soluble element of the cement is the lime. If 
the lime of the cement is carbonated it is practically insoluble. | 

(b) The quantity of alumina, iron or silica present in the 
cement does not affect its solubility. 

(c) The magnesia present in the cement is practically inert. 

(d) The quantity of SO3 present in the cement up to 1.75 per 
cent does not affect its solubility but a variation in the quantity 
present may affect its stability by affecting its rate of hardening. 

6. The change which takes place in sea water when brought 
into intimate contact with the cement is as follows: 

(a) The magnesia is precipitated from the sea water in direct 
proportion to the solubility of the lime of the cement. 

(b) The sulphates are the most active constituents of the sea 
water and are taken up by the cement. Their action is acceler- 
ated in the presence of chlorides. No definite sulphate compound 
was established. 

(c) The quantity of chlorine and sodium taken up by the cement 
is so small that no statement can be made as to the existence of 
any definite chloride or sodium compound formed with the 
cement. 

7. Metal reinforcement is not subject to corrosion if embedded 
to a depth of 2 inches or more from the surface of well made 
concrete. 

In connection with conclusion No. 7 it should be noted that 
the specimens were immersed throughout the duration of the 
exposure and not subjected to alternate wetting or drying as is 
that portion of a reinforced structure in which most cases of 
corrosion of steel have been noted. As a measure of deteriora- 
tion the increase in SO3 and MgO content at various distances in 
from exposed surfaces was determined. 

The results of a survey and inspection in 1916 and 1917 of 
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most of the concrete structures in sea water along the American 
Coasts together with many others in Canada, Cuba and Panama 
are reported by Wig and Ferguson. They conclude that well 
made portland cement concrete properly placed, if not subjected 
to mechanical abrasion and erosion, is permanent in sea water. 
The foregoing refers to plain unreinforced concrete. On the con- 
trary the majority of reinforced concrete structures subjected to 
sea water action, at the times of these inspections, were showing 
evidences of deterioration. Many instances of failure of plain 
concrete were found but these were generally attributed to the 
use of excess mixing water, poor aggregates and lack of protection 
of the carbonized surface skin of the concrete. They concluded 
that the deterioration of plain concrete may be due to several 
causes but that the underlying one which is chemical disinte- 
gration cannot take place unless the original surface is first 
abraded or eroded by mechanical means. However since all 
concrete is permeable to some degree and chemical studies have 
‘ shown increase in.sulphate content of the mass at and near the 
surface it would seem that there must always be reaction with 
the constituents of the cement especially the lime, tending to 
lower the strength although these changes may occur so slowly 
that the useful life of such a structure may not be materially 
reduced. Prevention of corrosion of embedded steel is dependent 
upon permeability and absorption of the concrete and depth of 
embedment and this inspection indicated that under some condi- 
tions a 3-inch embedment was not sufficient. 


DISINTEGRATION IN ALKALI SOILS AND WATERS 


In some localities, especially in the arid and semi-arid regions 
of Western United States and Canada, soluble salts commonly 
referred to as ‘‘Alkali” are found in the soil and ground water. 
What is known as “white alkali” is usually a mixture of the sul- 
phates and chlorides of sodium, calcium and magnesium, while 
“black alkali” so called because of its tendency to dissolve 
vegetation or organic matter and stain the surface of the soil a 
brown or black color, contains a large percentage of sodium 
carbonate together with smaller amounts of the white alkali. 


‘Wig and Ferguson—‘What is the Trouble with Concrete in Sea Water.” Eng. News- 


Record, Sept. 1917. 
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The alkali action on cement is generally due to the sulphates of 
sodium, magnesium or calcium present in water solutions. 

The disintegration of portland cement concrete in alkali soils 
and waters has received the attention of engineers and chemists 
on this continent during the past twenty-five years, following the 
development of irrigation in the Western States. Headden’ 
of Colorado and Tannatt and Burke,® of Montana, in 1908 
described the disintegration of concrete by alkali salts in the soil 
and ground water, the former with reference to failures of cement 
drain tile and the latter in connection with disintegration of 
cement mortar and clay brick in the sewers of Great Falls, 
Montana. Soon after, Jewett’ described the condition of concrete 
irrigation structures of the U. S. Reclamation Service which were 
exposed to alkali ground waters and pointed out the apparent 
similarity between this so called alkali disintegration and that 
found in sea water. 

Tannatt and-Burke concluded that “the action upon the 
cement was a chemical action, that the destructive agent came 
from the outside of the sewer and that the disintegration of the 
cement cannot be charged to any action arising from the sewage 
or gases from same.”’ In a later report they stated: ‘‘The disinte- 
gration of cement by alkali salts is principally due to reaction 
between these salts and the calcium hydroxide necessarily present 
in set cement. Asa result of these reactions relatively insoluble 
new compounds are formed in the body of the cement structure. 
These new compounds have greater weight and require greater 
space than the Ca(OH) replaced. New compounds force apart 
the particles of cement, thus weakening or breaking the binding 
material.” The Bureau of Standards in a report’ previously 
referred to stated that a hydraulic cement can be readily decom- 
posed if intimately exposed to the chemical action of various 
sulphate and chloride solutions. 

While these studies seem to show conclusively that disintegra- 
tion of concrete by alkali waters is due primarily to chemical 
reactions between the cement and salts in solution many engineers 
believed that the disintegration was physical, rather than chem- 


5Headden—‘‘Destruction of Concrete by Alkali.’ Colorado Agr. Exp. Station, Bul. 132. 

*Tannatt and Burke—‘‘The Effect of Alkali on Portland Cement.” Montana Agr. Exper. 
Sta. Bul. 69. 

7Jewett—Proceedings A. S, T. M. 1908. 
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ical, due to crystallization of salt in the pores of the concrete and 
that this action was made possible by concrete of poor quality, 
permeable and absorptive. To determine the effect of salts on 
concrete of known quality the Bureau of Standards undertook an 
investigation’ in 1913 which involved the manufacture of eleven 
carloads of cement drain tile comprising sixteen varieties or 
types and their installation in working drains in eleven localities, 
eight of which were in the irrigated districts of the west where the 
ground waters varied considerably in concentration and constitu- 
ents, with the sulphate predominating in most cases. Later a 
large number of concrete blocks were molded and placed in 
sulphate waters, usually adjacent to concrete structures which 
had been affected by salts. Inspections and tests of the block and 
tile from each drain at intervals of a few years led to the following 
conclusions§ in 1919. 


1. Extent and rapidity of disintegration in sulphate waters 
depends upon concentration of salts in waters to which the 
concrete is exposed. 


2. In concrete blocks containing reinforcing rods disintegra- 
tion appears to be aided and accelerated in some cases by corrosion 
of embedded steel and consequent cracking of the concrete as 
has been observed in some reinforced concrete structures exposed 
to sea water. 


3. Structures placed in alkali soils or exposed to alkali seepage 
waters should be given all possible protection by drainage. 


4, Seepage waters and alkali soil conditions may be encoun- 
tered which will disintegrate portland cement concrete of the 
best quality 


5. Alkali salts are not uniformly distributed throughout the 
soil or large bodies of seepage (ground) waters and it will be 
difficult to determine in advance the concentrations to which a 
structure may later be exposed. 


6. For the same concentration of soluble salts and the same 
aggregates, resistance of mass concrete to alkali action appears to 
vary with the cement content or richness of the mix. 


SBureau of Standards Tech. Paper 214. See also Papers 44, 95 and 307. 
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7. Porous or permeable tile due to the use of lean mixtures or 
relatively dry consistencies are subject to disintegration in sul- 
phate waters of relatively low concentrations. 


8. Dense tile of the best quality, exposed to sulphate waters, 
are subject to disintegration depending upon concentrations of 
salt in seepage water. 


9. Disintegration may be manifested in sulphate waters by 
physical disruption caused by expansion resulting from crystalliza- 
tion of salt in the pores, but zt 7s primarily due to chemical action 
between the salts in solution and the constituents of the cement. 


10. A thin carbonized outer skin at the surface is apparently 
unaffected but this coating is not impermeable so that salts may 
be carried through into the mass. 


11. With other conditions equal tile of lowest permeability 
will be the most durable. There appears to be little relation 
between permeability and the related factors of porosity, absorp- 
tion and density. 


In an extensive laboratory investigation to establish chemical 
requirements and tests for concrete drain tile to be exposed to 
alkali soils and waters, Schlick® included tests of drain tile from 
the same lots employed in the Bureau of Standards field investi- 
gation. He found action to be generally most rapid in magnesium 
sulphate, followed by sodium sulphate, with little deterioration 
apparent in chloride and carbonate solutions. 


In 1918 at a General Meeting of the Engineering Institute of 
Canada held in Saskatoon, a group of papers!® were presented 
describing disintegration of concrete building foundations in 
Manitoba and Saskatchewan and of irrigation structures in 
Alberta. In 1918 the Calgary Branch of the Engineering Institute 
- began a field investigation" by exposing concrete blocks of known 
quality to sulphate waters. In 1919 a similar field investigation” 
was started by MacKenzie at the University of Saskatchewan. 
Concrete blocks of different qualities were placed in sulphate 
eround waters at a depth of 6 to 8 feet below the ground surface, 


%Schlick—‘‘The Action of Alkali Salts on Concrete Drain Tile.”’ Bul. No. 89, Iowa State 
College, 1928. 

10Journal Engineering Institute of Canada, Aug. and Sept., 1918. 

UDawson—Journal Engineering Institute of Canada, October, 1920. 

2Mackenzie—Journal Engineering Institute of Canada, April 1920. 
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thereby eliminating the possibility of frost action. Analysis of 
soil waters showed great variation in sulphate cencentrations at 
points only a few feet apart with the result that a-good quality 
concrete was disintegrated while a poorer quality exposed to 
lower concentrations were apparently unaffected. 


The foregoing field investigations in the United States and 
Canada during the period from 1913 to 1921 led to concordant 
conclusions which confirmed the results of earlier laboratory tests 
that disintegration was a chemical action and that high quality 
portland cement concrete could be disintegrated when exposed 
to sulphate waters. . 


In 1921 a Committee on Deterioration of Concrete in Alkali 
Soils was appointed by the Engineering Institute of Canada to 
continue the study of the alkali-concrete problem. This investi- 
gation was financed by the three Prairie Provinces, interested 
corporations and the National Research Council of Canada, the 
latter furnishing the greater portion of the funds, and a total of 
approximately $50,000 was expended up to 1928, after which 
date the research was taken over by the National Research 
Council of Canada and continued at the University of Saskatche- 
wan. Of this amount about $42,000 has been devoted to research 
in the chemical laboratory under the direction and supervision of 
T. Thorvaldson, head of the Chemistry Department of the - 
University of Saskatchewan. 


During the summer of 1921 a co-operative investigation involy- 
ing both laboratory and field studies was started at University 
Farm, St. Paul, Minn., by the Department of Agriculture, 
University of Minnesota, The Minnesota State Department of 
Drainage and Waters and the Bureau of Public Roads of the 
U. S$. Department of Agriculture, the work being directed by 
Dalton G. Miller. This investigation like the one inaugurated 
by the Engineering Institute of Canada is still underway. These 
two independent investigations have done much to advance the 
available knowledge of what takes place when portland cements 
are brought into contact with alkali salts in solution and their 
conclusions have been in close accord so far as their efforts have 
been parallel. The published conclusions of these two investiga- 
tions to date are briefly summarized below. 
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Conclusions® drawn by T. Thorvaldson at the University of 
Saskatchewan. ; 

1. The first reaction of sodium sulphate solutions when 
brought in contact with hydrated cement is to speed up the 
natural process of hydration of cement with liberation of lime, 
followed by rapid disintegration. The action of magnesium sul- 
phate differs in that magnesium hydroxide is precipitated and the 
liquid remains nearly neutral, thus producing ideal conditions 
for the hydrolysis of the cement. 

2. In the mixtures of the two sulphate solutions (sodium and 
magnesium) the magnesium controls so long as it is present, after 
which the sodium takes part. 

3. Complete disintegration may take place without any dis- 
ruption of mass due to crystallization. In the case of a structure 
exposed to alternate wetting and drying, crystal formation 
accompanied by frost action may be the final cause of disinte- 
gration. : 

4. Mortar specimens made from different portland cements 
of equal quality as measured by physical tests do not necessarily 
show equal resistance to sulphates. 

5. Mortars made with pure tricalcium silicate (8 CaO . 8102) 
and with pure beta-dicalcium silicate (2CaO . SiOz) are not disinte- 
grated in sodium sulphate but are disintegrated in magnesium 
sulphate. 

6. Mortars made with these two silicates to which tricalcium 
aluminate (3 CaO . Al,O3) is added are disintegrated rapidly in 
both sodium and magnesium sulphate solutions. 

7. A mortar made with a cement composed of 21.5% tri- 
calcium aluminate, 52.7 tricalcium silicate and 25.8 beta-dicalcium 
silicate which had the same strength as a mortar of normal 


1BShelton—‘‘Action of Sodium and Magnesium Sulphates on Constituents of Portland 
Cement.” Ind. & Eng. Chemistry, Vol. 17, No. 6, June, 1925. 

Thorvaldson, Harris and Wolochow—‘‘Disintegration of Portland Cement in Sulphate 
Waters.” Ind. and Eng. Chemistry, Vol. 17, No. 5, May 1925. 

Thorvaldson, Vigfusson and Larmour—‘‘The Action of Sulphates on the Components of 
Portland Cement.” Trans. Royal Society of Canada, Vol. XXX, Sec. III, 1927. 

Thorvaldson, Larmour and Vigfusson—‘‘Expansion of Portland Cement Mortar Bars During 
Disintegration in Sulphate Waters.” Engin. Journal, Canada, April 1927. 

Thorvaldson and Vigfusson—‘‘Effect of Steam Treatment of Portland Cements Mortars on 
Their Resistance to Sulphate Action.’’ Journal E. I. C., March 1928. J 

Thorvaldson and Grace—‘The Hydration of Aluminates of Calcium. 1. A New Crystalline 
Form of Hydrated Tricalcium Aluminate.”” Canadian J ournal of Research, May 1929 : 

Thorvaldson and Shelton—‘‘Steam Curing of Portland Cement Mortars. A New Crystalline 
Substance.’”’? Canadian Journal of Research, July 1929. ; 

Thorvaldson—‘‘Notes on the Relative Resistance of Various Cements to the Action of 


Sulphate Waters.” 
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portland cement behaves like mortars from the normal cement 
when exposed to sulphate solutions. 

8. Steam treatment of mortars (above 100° C.) which nor-. 
mally are disintegrated in both sulphate solutions causes enormous 
increase in resistance in sodium sulphate and greatly retards the 
disintegration in magnesium sulphate. 

9. Steam treatment speeds up the hydration of the silicates 
in the cement, thus causing increase in compressive strength. 
The increased resistance to sulphates is however not primarily 
due to the increase in strength but to other chemical changes 
which take place at the same time. These are the formation 
of a lower and more stable hydrate of tricaletum aluminate 
(8CaO.AI,03.6H2O) and the combination of the highly reactive 
free lime in the hydrated cement with silica. Both of these 
products are stable in solutions of sodium and calcium sulphate 
and fairly resistant to the action of solutions of magnesium 
sulphate. 

10. Different portland cements (products of different mills) 
have different rates of disintegration when exposed to the two 
sulphates. Thus cement No. 1 may disintegrate faster than 
cement No. 2 in solutions of sodium sulphate while the rate of 
disintegration in solutions of magnesium sulphate is in reverse 
order. Likewise one cement may disintegrate more rapidly in 
dilute solutions and more slowly in concentrated solutions, while 
a second may react in the reverse order. 

11. A study of high alumina cements indicates that as a 
class they are more resistant to sulphate action than portland 
cements, but that the variation in sulphate resistance between 
different brands of high alumina cement is found to be greater 
than the variation between different brands of portland cement. 
The best high alumina cements tested had high resistance to 
magnesium sulphate but lean mortars slowly disintegrated in 
sodium sulphate solutions while richer mixtures show no appre- 
ciable action in the course of years. The alumina cements 
disintegrate more rapidly in ferrous sulphate than in sodium or 
magnesium sulphates while they are readily attacked by solu- 
tions of sodium carbonate (black alkali) and sodium phosphate. 

12. Results of mortar tests of slag and natural cements indi- 
cate them to vary from low natural resistance to a resistance much 
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higher than that of the best portland cement. This is especially 
the case when comparing the resistance to solutions of sodium 
sulphate; the resistance to solutions of magnesium sulphate is 
usually much lower. It is pointed out however that these cements 
furnish mortars and concretes of much lower compressive 
strength than portland cements so that the combined effect of 
sulphate and frost action may be much more severe than in the 
case of portland cements of considerably lower natural resistances. 


13. Neat cements may fail more rapidly than rich mortars 
or concretes made of the same cement when exposed to the same 
conditions. 


Conclusions" drawn by Dalton G. Miller at University Farm 
St. Paul, Minnesota. ; 


1. Standard portland cements vary greatly in resistance to 
sulphate waters; under the same exposure conditions the more 
resistant cements have outlived those of less resistance by as 
much as eight times. 


2. Portland cements that have failed quickly in the laboratory 
in solutions of sodium sulphate have ordinarily displayed low 
resistance in the field to the action of mixed salts. 


3. The standard physical tests and chemical analyses of 
portland cements give no indication of resistance to sulphate 
waters. 

4. The resistance to disintegration of a cement may be 
greatly increased by curing in steam at a temperature of 212° F. 
and upward. 

5. Resistance to sulphate action can be increased by per- 
mitting concrete to dry and harden in air after the normal wet 
curing period is completed. A short curing period in water 
followed by a long period of drying in air before exposure to 


UMiller—“‘Laboratory Investigations of the Influence of Curing Conditions and Various 
Admixtures on the Life of Concrete Stored in Sulphate Solutions as Indicated by Physical 
Changes.” Proceedings A. 8. T. M., Vol. 24, 1924. 

Miller—‘‘Volume Change as a Measure of Alkali Action.’’ Public Roads, July 1924. 

Miller—‘The Action of Sulphate Waters on Concrete.’’ Public Roads, Oct. 1925, also 
Nov. 1927. ‘ 

Miller—‘‘Four Important Factors in the Manufacture of Concrete Pipe.’’ Trans. Am. Soc. 
of Agr. Engrs., Vol. 20, 1926. 

Miller—‘‘Resistance of Portland Cement Concrete to the Action of Sulphate Waters as 
Influenced by the Cement.”’ Proceedings A. 8. T. M. Vol. 28, 1928. é 

Miller—‘‘High Alumina Cements and Sulphate Waters.” Bulletin of the Minnesota 
Federation of Architectural and Engineering Societies. June 1926. 

Miller—‘‘Action of Alkali Salts on Portland Cement Mortars.’’ Engineering and Contracts 


ing, April 12, 1922. 
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alkali water is better than a long curing period in water and 
immediate immersion in salt solutions. 

Perhaps to most engineers the most important conclusions to 
be drawn from these two investigations are: ; 

1. The products of different cement mills vary greatly in 
resistance to sulphate waters when exposed to similar conditions. 

2. Steam curing of concrete, where practicable, will greatly 
increase the life of structures exposed to sulphate solutions and 
in the case of sodium sulphate waters may insure permanency. 


A further study of the effect of alkali salts on cement is reported 
by Burke.” He reports that magnesium sulphate is more active 
and destructive than sodium sulphate and states that solutions 
reacting with cement which tend to increase its weight and volume 
destroy concrete samples rapidly with solutions that tend to 
decrease its relative weight and volume show little or no tendency 
to destroy concrete samples. He also finds that carbonation of 
the lime liberated by hydration renders concrete more resistant 
to the attack of alkali sulphates. Burke finds high alumina 
cement more readily attacked by magnesium than by sodium 
sulphate and predicts that its deterioration will be more rapid 
in magnesium sulphate; also that calcium silicates are more 
readily attacked and to a greater extent per unit of time than 
the aluminates; and finally disintegration is due first to chemical 
action and secondly to physical changes brought about as the 
result of such actions. 

The results of another chemical laboratory investigation has 
been reported!* by Baylis. He emphasizes the importance of 
impermeability in pointing out that when concrete is exposed to 
water or the weather calcium hydroxide is liberated and reacts 
with carbonic acid to form calcium carbonate, which in the 
presence of water corrosive to it dissolves slowly. The action 
tends to be retarded by the presence of gelatinous compounds of 
alumina and silica but freezing or surface friction tends to hasten 
corrosion by removal of the gelatinous compounds. Asa measure 
of corrosion and as an indicator that surface protection by water- 
proofing should be afforded Baylis proposes that the alkalinity of 


b&b Burke—'‘'The Chemical Action of Alkali on Hydraulic Cements.” Bul. No. 74 Iowa State 
College 1925. 


1Baylis—'‘Corrosion of Concrete.’’ Trans. Am. Soc. C. EB. 1927. 
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the concrete be determined in the mass near the surface. If the 
alkalinity at 14” from the surface is found to be less than 200 
parts per million or at a depth’of 14” to 14" from the surface less 
than 1200 parts per million some surface protection must be 
applied to prevent disintegration. 

The foregoing discussion gives a brief historical review of the 
studies made to determine the causes of concrete disintegration 
and the observations made and in some cases the method of 
treatment proposed has been outlined. Most engineers are not 
so much concerned with details of the reactions taking place 
when concrete disintegrates as they are with means of retarding 
or entirely preventing action on structures built or proposed in 
which portland cement as now constituted is to be used. Chem- 
ical studies must continue before the problem of concrete in 
alkali soils is solved but in the meantime the progress made to 
date will permit the use of concrete under certain conditions with 
greater assurance of long life than in the past. 


THE PREPARATION OF CONCRETE TO BE EXPOSED TO ALKALI SALTS 
IN THE SOIL AND GROUND WATER 


Observance of the following precautions in the selection of 
materials and in the preparation and curing will tend to result in 
a concrete of highest resistance to sulphate action. 

1. Select a portland cement which has a high natural resist- 
ance as measured by preliminary tests. 

2. Select a sound, durable well graded aggregate combined to 
result in the highest weight per cubic foot. 

3. Resistance varies with cement content up to mixtures 
approaching neat cement; therefore use a rich mix. 

4. Use as little mixing water as will result in a plastic mushy 
consistency preferably with a slump not greater than 3in. to 5in. 
depending upon the conditions of the work. Place concrete in 
the dry and remove excess water or laitance which tends to 
collect as deep masses are built up rapidly. Reduction in water 
content of successive batches under such conditions to prevent 
formation of excess water or laitance is to be preferred. 

5. For large structures, cast in place, cure concrete under 
moist conditions for as long a period as possible and allow the 
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concrete mass to dry and harden in air before allowing alkali 
ground water to come into contact. 

7. Concrete products and precast structural members should 
be cured in steam above 100° C. Lower temperatures will be 
injurious, 

8. Backfill portions below ground level with gravel or crushed 
stone and provide drains outside and below the lowest portion of 
the structure wherever practicable. 

9. Where thorough drainage cannot be obtained place 
bituminous membrane waterproofing continuously below and up 
the sides of footings and continue the waterproofing to the ground 
line on the outside. Bituminous paint coats cannot be considered 
efficient waterproofing. ; 

10. Observing the foregoing precautions as to ee and 
mix for any given cement and aggregate (a) concrete of highest 
impermeability will probably be most resistant, and (b) generally 
the concrete of highest strength will be least permeable. 


Readers are referred to the JouRNAL for March, 1930, for dis- 
cussion which may develop. 


PROGRESS IN DETERMINING THE RELATION BETWEEN 
-TrEst CYLINDERS AND CONCRETE IN THE STRUCTURE 


BY HARLAN H.’EDWARDS* 


Resutts of tests in connection with the construction of four 
buildings for Scripps College, the second of a group of associated 
colleges to be built in Claremont, Calif., have been the means of 
improving materially the quality of the structures and reducing 
their cost. These tests, extending over a period of three years, 
together with others previously made on earlier structures form 
an interesting series, indicating the following conclusions: 

(On structures where wood forms are used, provided normal 
spring or summer temperatures exist, and provided also that the 
structures are kept damp by frequent wettings for 21 days after 
placing concrete.) 1. Concrete is of a strength equal to or higher 
than that shown by test cylinders taken and cured in the labora- 
tory under the standard A.S.T.M. specifications. 2. Loss of 
moisture from concrete soon after placing, through absorption 
into the wood forms and through percolation of excess clear water 
through cracks between boards, reduces the water-cement ratio 
at the time of set to produce higher strengths and. a denser 
product. 3. A well-designed mix, based upon the fineness 
modulus theory, retains practically all its cement in the mass 
while clear water finds its way through joints between boards and 
runs away. This is not usually true on harsh mixes, however. 
4, Cylinders cast in unwaxed cardboard molds surrounded by 
concrete in a section of wall form placed in a window or door 
opening and cured in the structure, when broken out for test in 
28 days are reliable indicators of the character of the concrete 
then in the building. 5. Cylinders cured in damp sand on the job 
as per A. S. T. M. standards are frequently very erratic in test 


*Supervising Engineer, Scripps College, Claremont, California. 
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due to a low sand temperature unless controlled heating of the 
sand is in effect. 

More than 300 six by twelve-inch cylinders have been tested 
to date in these investigations, certain phases of which will be 
continued on later buildings. 

MATERIALS USED 


Commercial l-in. washed, screened granitic gravel passing a 
114-in. round opening, having a fineness modulus of approxi- 
mately 7.3 was used with washed sand having a fineness modulus 
of 3.4, both obtained from the Claremont plant of the Union 
Rock Co. Riverside cement was furnished by the Fox-Woodsum 
Co. of Claremont, while all cement and cylinders were tested by 
the Raymond G. Osborne Laboratories of Los Angeles. Cylinders 
were made by the writer, with an average maximum variation of 
approximately 5% with 7.8% as high and 1.6% as low. 

PRELIMINARY TESTS 


On the first structure, test records were kept of all concrete 
placed, the job being run similar to most good commercial work. 
The mix as is usual, was specified as a 1:214:3% field mix. Since 
the sand used bulked considerably in the damp state, this was 
really equivalent to about a 1:2:3.4 dry rodded mix, which, due 
also to the coarse sand, was harsh working and produced many 
rock pockets in spite of efforts of the contractor to prevent them. 

Placed at a 6 to 8-in. slump with no admixture the average 
standard 28 day test was 2267 lb. per sq. in. for the job. All test 
cylinders were sent to the laboratory for moist room curing the 
second or third day after making, so curing conditions were quite 
uniform. : 

From these tests and the complete records of the aggregates 
used, it was found that 2000-lb. concrete by proper design could 
be obtained using a leaner mix, while at the same time obtaining 
ample strength and workability. In the second structure (1928) 
therefore, the standard cylinder average was 2168 lb. per sq. in. 
—less than 100 lb. difference, yet with 1 sack per cubic yard less 
cement in the mix which was a 1:4:4 field mix or a 1:6 real mix. 


RELATION OF STRUCTURAL CONCRETE TO LABORATORY-CURED 
CYLINDERS 


In 1929 work, tests were designed to determine the relation 
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of structural concrete to the standard laboratory-cured cylinders, 
but cool air temperatures made test results of concrete cured on 
the job so variable that further efforts were deferred until a 
recording thermometer became available to record the air and 
concrete temperatures during the curing period. 


Certain tests were made, which shed valuable light upon this 
problem. Standard cylinders showed a uniform strength of from 
2000 to 2150 lb. per sq. in. throughout the job. Tests numbered 
23991 to 23993 by the laboratory were on 4-in. cubes cut from a ° 
4-in. slab placed as a part of the second floor of the Recitation 
Hall over an opening which was later to be occupied by a dumb 
waiter shaft. The mix was 1:3.3:3.7 dry rodded or 1:6 real mix, 
8-in. slump, with the surface of the slab floated to a monolithic 
finish. The average of the three cubes tested dry at 41 days was 
3276 lb. per sq. in. or 2949 lb. per sq. in. after correction to the 
cylinder equivalent. 

Another similar test of the same mix was placed as part of a 
fourth floor slab in Dormitory No. 3, cured as described using 
damp sand to retain the moisture on the slab surface, broken out 
during a change in design of that section of the structure, cut 
into 4-in. cubes and tested dry at 62 days. The average strength 
of two cubes was 3277 lb. per sq. in. the third being discarded due 
to the presence of a small rock pocket which reduced its strength 
test more than 15%. 

Still another and equally as interesting a result is a section of 
8-in wall of a similar mixture, placed in a door opening, cured 
there 24 days, sent to the laboratory for cutting into 6 x 6 x 12-in. 
prisms and tested dry at 28 days. Average air temperatures 
adjacent, from recording thermometer readings were 65° F., 
average concrete temperature 64144° F. by same means, with 
maximum and minimum air readings 90° F. and 46° F. The 
~ average 28-day test result of the three prisms was 2565 lb. per 
sq. 1n. 

Generally speaking, it seems that the job strength of slab and 
beam concrete in normal temperatures is somewhat higher than 
wall concrete. The reasons for this are found in curing as well 
as placing operations. In curing, slab concrete can be kept wet 
continuously through the use of a covering of fine sand to retain 
the moisture. Walls, on the other hand, retain only such moisture 
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as is absorbed in each wetting, and lose this through evaporation, 
so unless by frequent wettings, walls are not allowed to dry out 
or whiten, moist curing conditions are not similar. A striking 
example of the results of insufficient watering on walls was shown 
in connection with the test on cubes from the fourth floor slab 
previously mentioned. A 6-in. interior filler wall beneath a stair 
was concreted of the same mix and in continuous pour with the 
slab and broken out at the same time. Six-inch cubes of this 
- material tested 1601 Ib. per sq. in. average as contrasted with the 
3277 lb. average for the slab. This was accounted for by the fact 
that the thin wall having less volume than the 8-in. walls dried 
faster, missed many wettings as the laborer went around the 
outside of the building with his hose and was largely protected 
from interior watering by the stair. 


EVIDENCES OF LOSS OF WATER AFTER PLACING 


In every run of concrete it had been observed that in one hour’s 
time the concrete stiffened considerably, yet according to cement 
test reports initial set did not take place for nearly three hours 
from the time of placing. In 4-in. slabs, men at the time of placing 
sank into them nearly the entire slab depth, while after an hour 
had elapsed, they sank in less than an inch. Concrete in walls at — 
the time of placing could be rodded easily, while later it was im 
possible to work them at all. In a 9-ft. wall a noticeable settle- 
ment took place within the wall forms and through all form 
joints clear water in small quantities dripped to the floors below. 
The slump test showed that a 6 to 8-in. slump concrete had 
stiffened to a 2-in. slump material an hour later. This apparent 
stiffening of the concrete seemed to be due to the removal of 
excess water by three agencies—1st, cracks between form boards 
allowing water to drip away; 2nd, the forms themselves absorbing 
quite a little water; and 8rd, finishing operations on the slab, 
through the vibration of placing and working the concrete as 
well as leveling off the surface and troweling with added cement 
where a monolithic finish coat was planned. 

Test series were therefore planned and made, to determine the 
effect of such loss of moisture on the concrete during this hour 
period with the result that an average increase in strength of 20% 
was shown, with a maximum variation of cylinders either way of 
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8%. All these tests were on 8-in. walls and 4-in. slabs. Added 
tests were made on laboratory-cured cylinders of the same 
batches curing three weeks damp and allowing them one week to 
dry out in the laboratory air, to approximate job concrete when 
dried after curing operations had ceased. These are shown in the 
last column of the table. 


28-Day Tests—1928 and 1929 


Cylinder | Real Initial | Slump Strength Strength | Strength 
No. Mix Slump | 1 Hour | Standard 1 Hour Dry 
Inches | Later |Lb.persq.in.| Later 


O58 wee 2806 
«“ ae 2893 
«“ 2604 


Cg Gn I Al 
2 ok aan Oo 36 3254 
ES Aopeve mache es 3024 
ie ey Zoek a eae 4046 

4 Acar See 4377 
ms “ nee 3748 


2 Fc: 2558 
a ce 2665 


ee 2905 
“ te at ae 2946 
“ “ ie 2856 


CYLINDERS CAST IN WALL FORM 


It was then determined that efforts should be made to learn the 
strength in the structure at 28 days. Since waxed cardboard 
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molds would not permit the penetration of water and the con- 
sequent equalization of water content in the concrete inside and 
outside of the mold, unwaxed cardboard cylinder molds were then 
secured in the hope that such equalization might more nearly be 
accomplished. Concrete as it was placed was then obtained 
through an opening made in the form, and run into metal pans 
for use in making the test. It was then rodded into the molds in 
the standard way, the specimens placed between forms in a 
section of window or door bulkheaded off for the purpose, and 
additional concrete was placed so as to completely surround 
them. Tops of the cylinders were separated from the enclosing 
mass by sheets of heavy paper, and the entire block of concrete 
was cured with the wall. Standard cylinders ‘‘as placed” were 
taken from the same concrete and cured in the laboratory as a 
check on quality. At about 25 days the cylinders were broken 
out, sent to the laboratory for capping and were tested in a semi- 
dry condition at 28 days. Some difference was expected due to 
variation in the curing temperatures as well as moisture content 
difference at the time of test. The following comparison, then, 
is of interest. 


1928 Cylinders 


Standard Test Cast in Wall Form 
Average 3 Cylinders Average 3 Cylinders 
2312 2018 
2164 1850 


In 1929 tests, it was planned to secure decisive test data on the 
relation between laboratory-cured specimens and cylinders cast 
and cured in wall sections. Therefore a number of cylinders were 
cast thus, always endeavoring to have 3 sets of 3 cylinders each 
on each directional exposure. The results of the first few groups 
were so erratic that further investigation was postponed until the 
recording thermometer previously mentioned could be obtained. 
The reason for this decision can be readily seen from the following 
record of cylinders all cast from the same batch of concrete but 
cured in an east and a north exposure within 15 feet of each other. 
Additional cylinders of the same batch were made and sent to the 
laboratory for moist curing and test, 3 being standard cylinders 
and 3 of concrete placed in a wood wall form, removed in 1 hour 
and cast in the cylinders. 
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Laboratory Cured Job Cured 
Standard 1 Hour Later East Exposure North Exposure 
2102 2476 1766 1446 
2159 2509 1778 1398 
2167 2502 1774 


The recording thermometer was obtained too late to get any 
records of value on this year’s work. 1930 work, however, will 
see several determinations of the temperature-strength relation. 
Concrete from one batch will be used to make 3 cylinders for 
laboratory curing to check quality; 3 taken from wood wall forms 
1 hour after placing and sent to the laboratory for curing; 3 cast 
in unwaxed molds in a section of wall and cured with the 
structure, and a block of concrete 18 x 12 x 8 in. similarly cured 
from which 3 prisms 6 x 6 x 12 in. can be sawed for test. Tem- 
peratures within the wall will be obtained continuously from the 
time of placing by inserting the gas-filled bulb of the thermom- 
eter in a hole made for it by putting a tapered wood plug in 
the wall concrete between cylinders at time of casting, removing 
it when the concrete has stiffened. Air temperatures adjacent to 
each side of the wall will be obtained by a second bulb and an- 
other thermometer. 


EFFECT OF CURING IN DAMP SAND ON JOB 

Since temperature of curing is of importance in interpreting 
test results, these tests already mentioned were cured under 
standard 70° F. damp room conditions except where noted. 
This precaution was taken as the result of experiences on previous 
work where cylinders were cured on the job in damp sand as 
required by the A. 8. T. M. specification C 31-21. Unaccountably 
low results were being reported. by the laboratory on routine 
cylinders, so every possible source of trouble was checked with- 
out avail. Finally a set of cylinders was made, half of which 
were cured on the job in damp sand, while the other half went to 
the laboratory and were cured approximately under standard 
conditions. The average daily temperature of the sand was taken 
and the results solved our problem. They were: 


7 days 28 days 
Damp Sand Laboratory Damp Sand Laboratory 
47° 68° 47° 68° 
905 1338 2100 2635 


766 1064 1582 2138 
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Tested by Mr. Converse of the California Institute of Technology in Pasa- 
dena, California. 

Although days were warm under the Southern California sun, 
the damp sand retained the cold of the nights by evaporation of 
water during the day. This was not true in the case of the struc- 
ture. While rapid evaporation of water from the damp sand, and 
the shade of a tree kept the day temperature of the sand from 
rising appreciably, the walls of the structure received heat from 
the warm air on all sides as well as from the direct rays of the 
sun, all of which far exceeded the slight cooling effect of evapora- 
tion on the mass of concrete. It was therefore plainly evident 
that in places where day and night temperatures were not very 
much alike, large errors could creep into an otherwise carefully 
controlled test, giving a final result which was misleading and 
incorrect. 

LENGTH OF CURING PERIOD VS. JOB STRENGTH 


Particular attention was given to the curing of the Scripps 
College structures to the end that maximum strength be de- 
veloped from the material used. Early in the progress of the 
work, tests were made of cylinders cast in a wall section and wet 
down for a week as is usually specified and done. The wall was 
then left to the weather, which was very nearly at the normal 70° 
point, and cylinders were broken out in 28 days for test. The 
resultant average strength was 1103 lb. per sq. in. (av. of 1128, 
1112, 1069) as compared to the laboratory-cured quality cylinders 
of 2164 lb. per sq. in. damp (av. of 2159, 2168). This thoroughly 
verified computations and led to the requirement that on all work 
concrete was to be kept damp by repeated wettings for a period of 
21 days the frequency of wetting to be dependent upon weather 
conditions. This period was a minimum, increased as necessary 
to correct slow curing conditions in cold weatber. The added 
cost of a laborer or two for this additional period over usual 
custom was very small when compared with the value to the 
completed structure of the increased strength obtained. 


Readers are referred to the Journau for March, 1930, for dis- 
cussion which may develop. 


VARIATIONS IN STANDARD PORTLAND CEMENTS 
Report of Committee 202 
BY P. H. BATES,* AUTHOR-CHAIRMAN 


This report is the work of P. H. Bates. Immediately on its 
completion his absence in Europe prevented consideration of 
comment and discussion by the critic members of Committee 
202. Thaddeus Merriman, Chief Engineer, Board of Water 
Supply, New York City, one of the committee’s members, very 
promptly prepared discussion which appears with the original 
report in these pages. R. E. Davis, Professor of Civil Engineer- 
ing, University of California and G. M. Williams, Professor 
of Cwil Engineering, University of Saskatchewan, members of 
the committee, have discussion under consideration. Prof. T. 
Thorvaldson, Director of Chemical Research, University of 
Saskatchewan, is prevented from giving immediate attention to 
the report by his absence in Europe on sabbatic leave * * * 
Tt may be recorded in this connection that other special com- 
mittee assignments are being handled by the Institute in this 
way—selecting an author-chairman with great care to prepare 
a report and giving to the membership of the Institute his un- 
trammeled and unrevised work coupled with the discussion of 
the members of the committee group. In this way, and espe- 
cially with reports of certain pioneering characteristics, 1 is felt 
that the whole subject matter has a spontaneity sometimes 
lacking in reports wrung by compromise from a group of diverse 
viewpoints * * * This report, tending as it does to sub- 
ject the prime ingredient of concrete to closer scrutiny by the user 
with special problems, has been selected by the Program Com- 
mittee for consideration at the 26th Annual Convention. 
Discussion, therefore, is especially invited.—Ev1ror. 

*National Bureau of Standards, Washington, D. C. 


(65) 
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Tus paper is a report of Committee 202 on the topic, “Varia- 
tions in Standard Portland Cements.’ The topic and the 
various headings under which it is discussed were suggested by a 
special advisory committee to the Board of Direction, and ap- 
proved by the latter. The chairman’s handling of the matter in 
this manner in no way indicates his approval in the method of 
discussing the properties of portland cements as we have them 
pow on the market but, rather, indicates his acquiescence in a 
procedure which it is believed will quite likely be satisfactory in 
bringing to the attention of many some of the ranges in values of 
certain physical properties, which may be encountered in in- 
vestigating typical portland cements. _ 

The sub-topics under discussion cover questions of much 
interest to all studying and intelligently trying to use cement and 
concrete, and many data should be available. Buta search of the 
literature reveals that in general the data are extremely meager. 
In fact it would seem that in most studies of concrete cement was 
not considered to be one of the variables and seldom are any of 
the characteristics of the cement presented, other than it was a 
standard portland cement and met the requirements of the 
standard of the American Society for Testing Materials or other 
similar organizations. Indeed, even when strength is under in- 
vestigation there has been a steady effort in many outstanding 
researches to obliterate any apparent effect of the use of different 
standard cements by using a mixture of a number of them. Under 
such conditions one is confronted with paucity of data, notwith- 
standing the need of many. It is believed that this report will 
have more value in emphasizing this lack and, to a considerable 
degree, the need of data, than in citing what is actually available 
under the several designated headings. 

It is felt also that the discussion will dispel the erroneous idea 
that there is such a thing as a standard portland cement. It is 
true that all manufacturers of the commodity make an especial 
effort to have it pass a certain set of standard requirements, but 
in so doing it has resulted that not only does the product of the 
majority of mills meet these at all times but the product may ex- 
ceed these requirements to various degrees at any time. It is 
further believed that this discussion may serve to indicate that 
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portland cement does develop other properties than those of 
hardening and acquiring strength. It is hoped that it will be 
made clear that some properties, as volume changes and heat 
developed during the reaction with water, may be so paramount 
in special cases as practically to force the ignoring of strength. 


Finally it is believed that this discussion will have served its 
most useful purpose if the importance of certain properties and 
the meagerness of data covering them are so sufficiently impressed 
upon even a very few readers that they will originate an intensive 
study to fill up the outstanding gaps in our incomplete knowledge 
of cement. 


VARIATIONS IN EARLY STRENGTHS 


The interest in early strength is too recent to permit of there 
being many published data available. Three years ago few were 
making any tests of other than neat tensile briquettes at ages 
earlier than 7 days. Then the efforts of some portland cement 
manufacturers to manipulate the making of their product so that 
it might come into the class of the high alumina cements, so far 
as high early strength was concerned, led to the breaking of test 
specimens after aging two or three days. But in the great majority 
of cases such testing has been confined to the making and breaking 
of tensile briquettes so that essentially there are few data avail- 
able. 

Committee C-1 of the American Society for Testing Materials, 
however, at the 1928 meeting of the Society presented a report 
of work wherein a group of laboratories had carried out certain 
strength tests of 32 brands of cement obtained from warehouses 
scattered throughout the United States.!. Forty-six laboratories . 
reported the strengths at 3, 7 and 28 days, of standard sand 
briquettes made from these cements. The average of the 
strengths so reported is given in Table I. Two laboratories re- 
ported the strengths of 6 by 12 inch cylinders, made of a 1:2.4:3.6 
concrete, at 3 days, and four other laboratories in addition to 
these two obtained the strengths of the same concrete at 7 and 28 
days. The averages of these values, as well as the strength at one 
year, obtained by one of the laboratories, are given in Table II. 


1Proc. Amer. Soc. for Testing Materials, Report of Committee C-1, Vol. 28, Part 1, pp. 232- 
306. (1928.) - 
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TABLE I 
TENSILE STRENGTH OF STANDARD SAND BRIQUETTES 
Average in lbs. per sq. in. obtained by 46 laboratories using 32 brands. 


Cement No. 3-Day Tests 7-Day Tests 28-Day Tests 
1 205 350 445 
2 240 330 440 
3 210 260 375 
4 190 260 370 
5 250 315 395 
6 230 310 400 
a 230 310 405 
8 205 285 405 
9 195 ~ 290 380 
10 195 255 375 
11 210 295 390 
1 235 305 390 
13 255 330)" 430 
14 205 285 400 
15 215 290 385 
16 205 270 375 
17 220 290 385 
18 185 260 375 
19 185 260 375 
20 160 235 360 
21 255 325 405 
22 255 325 410 
23 220 285 390 
24 260 335 405 
25 205 270 390 
26 180 265 375 
27 230 290 380 
28 170 230 345 
29 245 325 420 
30 195 265 365 
31 210 Pag) 380 
32 200 265 375 
Average value 215 290 390 
High value 275 350 445 
Low value 160 230 345 


These tables require but little comment. They serve to show 
quite strikingly that the cements of the type now on the market 
do vary considerably in strength, whether tested at early or later 
ages, either as mortar briquettes or as concrete cylinders. They 
further show that these deviations in concrete strength are still 
very marked at periods as late as a year. It is true that this is 
not long when measured by such an infinite period as indicated 
by “permanency.” On the other hand, strengths even at one 
year are in reality only a matter of some special interest and of no 
particular value. All structures must be in use in whole or in part 
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TABLE II 
COMPRESSIVE STRENGTH OF 32 BRANDS OF PORTLAND CEMENT 
Average compressive strengths, lbs. per sq. in. 


Compression tests of 6 by 12-in. concrete cylinders. 

Mix 1:2.4:3.6 by weight (5 lb. cement, 3 lb. water, 12 lb. sand, 18 lb."coarse 
aggregate per batch). : 

Three-day results are averages from two laboratories. 

Seven- and 28-day results are averages from six laboratories. 

Onte-year results are averages from one laboratory. 


Cement No.| 3-Day Tests 7-Day Tests | 28-Day Tests | 1-Year Tests 

i 1610 2840 4000 5140 

2 1270 2200 3500 6190 

3 1150 1940 3200 5680 

4 880 1490 2610 4540 

5 1370 2360 3550 5220 

6 1300 2200 3430 4810 

7 1080 1900 3220 4910 

8 1010 1690 3200 5240 

9 880 1870 3090 4620 

10 880 1570 2820 4290 
11 1070 2000 3240 4960 
12 1160 1960 2960 5060 
13 1340 . 2140 3700 5470 
14 1060 1880 3270 5610 
15 1170 1820 3290 4860 
16 1090 1850 3140 4840 
17 1270 2160 3660 5230 
18 880 1490 2940 4640 
19 1020 1670 ‘2880 4950 
20 820 1230 2360 4550 
21 1460 2220 3400 4800 
22 1470 2430 3880 4980 
23 1180 1750 3040 5200 
24 1240 2190 3390 4980 
25 1040 1540 _ 2850 5070 
26 710 1220 2140 4070 
ail 1160 1740 2750 4360 
28 680 1190 2370 5350 
29 1180 1960 3260 4940 
30 940 1610 2840 4830 
31 1040 1530 2950 5230 
32 920 1530 2870 5250 
Average 1100 1850 3120 5000 
High 1620 2780 4030 6190 
Low 600 1070 2090 4070 


so long before one year that the strength upon which they are 
built must have been developed long before that age. Further, 
one year is too short a period to furnish any indication of per- 
manency in the great majority of cases. Hence the one year 
strengths can be of but little practical value. 
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The tables also show that the briquette is but little indicative 
of the strength which the cement may develop in a concrete. 
Thus, one cement which gave a briquette strength of 390 pounds 
at 28 days, gave a concrete strength of 2850 pounds per square 
inch at 28 days, while another cement which developed as a 
briquette 410 pounds per square inch gave a concrete strength of 
3880 pounds per square inch. It is a fact that in the majority of 
cases there is a definite relation between early briquette strength 
and early concrete strength, as indicated by Fig. 3 of the Com- 
mittee C-1 report. But this same figure shows the large number 
of exceptions. Further, one is not interested so much in the 
average strength of a group of cements as he is in those that 
deviate markedly from the average. To one contemplating the 
use of a cement the fact that 32 brands, in a certain kind of 
concrete, gave an average strength at 3 and 7 days of 1100 and 
1850 pounds per square inch, respectively, has not nearly so much 
value as the fact that at 3 days one cement showed an average 
strength of 710 pounds per square inch and another 1610 pounds 
per square inch, while at 7 days one gave an average strength of 
1190 pounds per square inch and another 2840 pounds per square 
inch. 


Other interesting facts than the early strengths can be noted in 
these tables. Thus it can be seen that the cements testing lower 
at early ages show a greater gain in strength with age than do the 
higher testing ones. Cements 1 and 2 are of special interest in 
this respect. The latter gave a concrete strength at 3 days 25 
per cent lower than the former, but at 1 year No. 2 had a greater 
strength than No. 1. 


The interest in high early strength concrete is resulting in the | 
rapid accumulation of data. However, the work of Committee 
C-1 which has been cited is so representative of commercial 
practice that it is hardly necessary to cite other data. Particular 
reference has not been made to any high early strength portland 
cements. Thisis due to the fact that several of the few now on the 
market are essentially not portland cements, according to the 
definition of the latter adopted by the American Society for Test- 
ing Materials and included in the United States Government 
Master Specification for Portland Cement, in that they do con- 
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tain additions, subsequent to calcination, other than water and 
calcined or uncalcined gypsum. 


LATE STRENGTH 


Not any data are cited under this heading. It is extremely 
infrequent that one can find data showing the strength of cement 
products at ages beyond five years. This is of course very early 
in the expected age of most structures and should essentially be 
considered an early age. If one, however, considers three or more 
years as late ages, then again one is confronted with the fact that 
cement has so seldom been considered a variable in the study of 
the cement product in question. However, in the section just 
presented in this paper and under the later topic of ‘‘Reaction to 
Curing Conditions” there are some data concerning such ages, 
where the cement has been a variable. Here there can be noted 
the fact that different cements will have different late strengths 
in the same cement product. This difference is just as prominent 
then as at the usual early testing periods. One can apparently 
obtain high or low strength in otherwise the same concrete at late 
ages by the choice of cement as readily as at early ages; or the 
choice of cement is as much the determining factor in the late 
strength of a concrete as is the proportioning or choice of the 
aggregates. | 
PERMEABILITY 


Two of the latest investigations relating to permeability are 
those of Withey and Wiepking? and Collier. Both used but one 
cement in their studies. In one case this cement was made in the 
middle west and in the other case on the Pacific Coast. But this 
fact does not enable one to draw any comparisons since about 
every other possible variable that could be introduced was 
present. Thus, one used stone and the other gravel; one used one 
type of specimen and the other another; the mixes were seldom 
proportioned alike; observations were made at different times 
and the results expressed differently. For the sake of illustrating 
the differences in test procedures, which are typical of those used 
by other investigators, and results, Table III is presented, giving 

2Permeability tests on broken stone concrete: Withey and Wiepking, Bul. Univ. Wisconsin, 
Eng. Series IX, No. 2: Number 1245. 


3Permeability of Concrete: Collier. 
II, page 490. 


Proc. Amer. Soc. for Testing Materials, Vol. 28, Part 
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excerpts from the published data of these two investigations. It 
is evident that it is not possible to determine if the two different 
cements produced any differences in the permeability. 


TABLE III » 
EXCERPTS FROM DATA OF WITHEY AND COLLIER ON PERMBABILITY 
| des 
Proportions by Oe 
Weight oon £2 
~ = % ne Sp Sp EE z 2 
s o3 1H,0 |$5 |S2588 Remarks 
ser aes et oe) Boe 
o A=} ay a 
1S) B a o Be S ° as B 
| 
Withey 
1 L5G Sro2e Oro Ome: .0O0101 |‘“Leakage” measured by flow 
1 2.56 | 4.44 7.9 | 5.98 .000241 |into the concrete. 
1 Dy? AE OF |) OSS | seks! .000239 |The specimens of rich mixes 
. . were so impervious that 
no leakage was apparent at 
the free surface.” 
Collier 
“Flow, gal. 
w/c per hour at 
end of 100 
hours.” 
1 NAGY e389) | O57 | Gazal .000071 |Flow measured by water go- 
1 2.22 | 4.44 0.8 | 5.41 .0134 fing into concrete; surface of 
1 2.21 | 4.42 | 0.9 | 5.41 .00026 ithe first and third concretes 
cited was dry at the end of 
the 100 hour test period; the 
surface of the second concrete 
was wet. 


w/c = water-cement ratio. 


But since it is known that different standard cements do have 
different times of set, different rates of hardening, different rates 
of developing strength, etc., all of which are due to the kind and 
amount of the reaction products of the water on the cement, it 
would seem logical to assume that these products might have some 
decided influence on the permeability. But it should not be 
necessary to make any assumptions. It is therefore suggested 
that those who are thinking of conducting permeability work 
should introduce cement as one of the variables in their studies: 


PROPORTIONING AND WORKABILITY 


The discussion under this topic will be restricted largely to 
workability. It is not quite clear why proportioning is here 
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coupled with workability, as the former might just as properly 
have been coupled with any of the other topics. The variables 
under consideration in this paper are the different normal or 
standard portland cements and how they may affect various 
properties of products made therefrom. Proportioning, other 
than the ratio of cement to total aggregate, is not germane to the 
subject. If the cements are different in the several enumerated 
properties, then undoubtedly the amount of cement used in the 
product will affect the property under consideration. The relative 
amounts of the different cements used in concrete would affect 
differently the strength, both early and late, the permeability, 
the shrinkage and the heat of setting, as well as workability. 

At the present time the term “‘workability” is very much to the 
fore in discussions of cements and concretes. Since this term is 
used to describe that condition of mortars or concretes under 
which they can be readily worked into forms or around rein- 
forcing without segregation, it can be appreciated that it is a 
matter of much concern. This is particularly true since it is now 
so thoroughly realized that attempts to secure this property 
through the agency of increased amounts of water result only in 
lower strengths and increased likelihood of segregation. Further- 
more, the increased demand for high testing, so-called ‘plastic’ 
mortars and the increased use of concrete prepared at central 
mixing plants and hauled considerable distances before placing, 
has still further emphasized the workable properties of such 
materials. Finally the matter is brought to a climax by sales 
propaganda featuring the properties of certain agents reputed to 
develop workability when added to mortars or concretes. 

The concern shown in this question, however, is a proper one 
and users of cement products are vitally interested in work- 
ability. Most unfortunately there are no accepted methods for 
measuring this property. The measuring of the ‘“‘slump” of a 
mass of plastic concrete according to American Society for Testing 
Materials methods is far too crude; the measuring of the flowing 
out of a plastic mass on a plate after dropping it a number of 
times through a certain height is an improvement but still is but 
a crude measure of the relative ease with which pieces of the large 
aggregate will flow over one another under relatively violent 
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movement, or the readiness with which the different sized par- 
ticles will separate according to their size. 


Several investigators of the workability of concrete have been 
working with several types of apparatus. Pearson and Hitch- 
cock, Smith and Conahey,® and Smith,* have devised methods 
based upon the measurement of the penetration of one or more 
steel rods into a cylinder filled with plastic concrete under the 
action of certain forces. Smith and Conahey have also designed 
an apparatus described in the paper referred to in which the force 
required to deform a flexible cylinder filled with concrete is 
measured. Purrington and Loring’ have used a concrete mixer 
in which the power required to operate it when filled with 
different concretes is measured. However, none of these has 
considered how much different makes of cement would affect their 
results; neither is it possible to correlate their results so as to 
determine if the cement has been a factor. 


The investigations dealing with the relative workability of 
different cements have been confined to a study of this quality as 
developed by neat cement pastes. The earliest efforts were 
directed more towards measuring what is referred to as ‘‘con- 
sistency,”’® and as a result the well-known Vicat needle was 
developed. The use of this indicated differences between port- 
land cements and this is recognized in specifications for portland 
cements. But what it measures is essentially not “workability.” 
The device needed must be such that there will be measured the 
ratio between flow and the pressure causing the flow, especially 
at different rates of flow. Three such devices have been tried and 
the results presented before this Institute in 1928. That paper is 
so recent that it need only be said that each of the methods 
showed that there was a difference in the workability of the 
twelve cements used. ‘The authors of the latter have extended 


‘Workability of Concrete: Pearson and Hitchcock. Proc. Amer. Soc. for Testing Materials, 
Vol. 23, Part II, p. 281 (1923). 

5A study of some methods of measuring workability of concrete: Smith and Conahey. Proc. 
Amer. Concrete Inst., Vol. XXIV, p. 24 (1928). Note: This paper is appended with an inter- 
esting bibliography covering workability and consistency. 

6The measurement of workability of concrete: Smith. Proc. Amer. Soc. for Testing Materials, 
Vol. 28, Part II, p. 505 (1928). 

7The determination of the workability of concrete: Purrington and Loring. Proc. Amer. Soc. 
for Testing Materials, Vol. 28, Part II, p. 499 (1928). 

8For a correct definition of consistency see the discussion by Herschel of a paper by Jackson 
and Werner, ‘‘A new test for consistency of paving concrete;’’ Proc. Amer. .Soc. for Testing 
Materials, Vol..25, Part II, p. 204 (1925). 

°Cement as a factor in workability of concrete: Bates and Dwyer, Proc. Amer. Conc. Inst., 
Vol. XXIV, p. 43 (1928). 


Variations in Standard Portland Cement 75 


their work to mortars made from different cements, using an 
apparatus in which is measured the force required to hold 
stationary a fork projecting into a sample of plastic mortar being 
revolved at certain constant speedsina container. This has again 
shown the marked differences between cements in mortars of 
different proportionings and percentages of water. It is hoped to 
enlarge this apparatus and extend its use to a study of the work- 
ability of various concretes, making the kind of cement used one 
of the variables. 

It is again evident from this brief review of the studies of this 
property known as workability that it has been tacitly assumed 
that the cement was at least a minor variable as compared with 
the other constituents of concrete. However, it is just as evident 
that, since cements are now being sold on the basis that they are 
more “‘plastic”’ or will produce more ‘“‘workable’”’ plastic products 
than others, it will be necessary to devise apparatus to determine 
not only whether the cements, as pastes, are as advertised but 
also whether they produce the quality claimed for them in 
mortars and concretes. 


REACTION WITH NATURAL STONES 


It is well known that certain natural stones used in construc- 
tion contain certain organic compounds, and that these stones in 
contact with water leached through some cements will develop a 
brown to almost black stain. Apparently this is not due to any 
reaction of the organic compounds with lime dissolved from the 
cement but rather to a reaction with hydrates of sodium and 
potassium leached from the cements. However, it does not 
appear that the total amount of sodium or potassium as deter- 
mined by chemical analysis is a measure of the staining propensi- 
ties of any cement, but it is rather the rate, especially in early 
- periods after setting the stone, at which compounds of these two 
elements will be leached out of the cements. Lastly and most 
emphatically the iron oxide content of the cement is no measure 
of its likelihood of inducing stain, notwithstanding that the white 
cements were developed under the erroneous idea that the brown 
stains on the stone were iron oxide leached out from gray cements 
and therefore that the white cements containing very small 
quantities of iron oxide could not produce stains. 
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The compounds of sodium or potassium in cements are due 
practically entirely to their presence in the raw materials used in 
the manufacturing process. Meager amounts may be introduced 
from the fuels. Hence if it is known that the source of raw 
materials is low in these elements, it can be reasonably assumed 
that the finished cement will also. be low and consequently the 
staining propensity low. But since in any case there may be 
considerable loss of these during burning, due to their volatiliza- 
tion, and since also the amount so lost will depend upon the 
degree of burning, both as to temperature and to time, it follows 
that when the raw mixture contains larger amounts it will not be 
possible to say at any time that the brand may or may not have 
this undesired quality. It seems desirable, therefore, in all cases 
to submit the stone and cement 7n question to actual test. This 
can readily be done by making a cup-like receptacle of the cement 
in the form of a mortar on the stone, allowing it to set, and then 
filling with water. As the water leaches through the walls of the 
receptacle into the stone and out. onto the surface of the latter the 
stain will appear if the organic compound is in the stone and if the 
cement Is giving up the sodium or potassium compounds in harm- 
ful amounts and rates. It should be borne in mind that just as 
cement from the same mill may or may not stain from time to 
time, so stone from the same general locality may from time to 
time not contain the organic compounds. 

The publications dealing with this subject are few, but reference 
should be made to the following: 


Staining and efflorescence on Indiana limestone caused by moisture seepage 
through backing masonry materials: Huber. Proc. Amer. Soc. for Testing 
Materials, Vol. 28, Part II, p. 695 (1928). 

Physical properties of the principal commercial limestones used for building 
construction in the United States: Kessler and Sligh. Bureau of Standards 
Technologic Paper No. 349. 

The staining of Indiana limestone: Anderegg. Purdue Univ. Eng. Review, 
March 1926. 

Non-staining mortars: Bul. 233, Indiana Limestone Quarrymen’s Associa- 
tion; also supplementary circular by the same under date of Jan. 3, 1927. 

Indiana limestone: efflorescence and staining: Anderegg, Peffer, Judy and 
Huber. Bul. 33, Eng. Exper. Station, Purdue University. 

Certain publications have been issued in which a number of 
commercial ‘“‘brands” of cement are arranged in order of their 
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staining propensities. These are not presented here, since 
whether a “brand” will or will not stain is influenced not only by 
the manufacturing conditions cited above but also by the com- 
position of the raw materials used. Since many “brands’’ are 
produced at different plants it cannot be said that any “brand” 
has this undesired quality, but rather only that the product of a 
mill may or may not be satisfactory at the time it was tested. 
This fact has not been sufficiently emphasized in most discussions 
of this question. 


SHRINKAGE AND PLASTIC YIELD 


It is believed that the information desired under this heading 
would more likely be referred to as phenomena noted through the 
volume changes in concrete during the setting and hardening, 
without regard to any superimposed load. There has been a 
considerable amount of work devoted to noting the changes in 
volume (more properly, changes in one dimension only) of various 
kinds of concrete during the setting and early hardening, as 
brought about by the chemical reaction of the cement and water 
incident to the development of strength. One always associates 
Bauschinger with volume changes as a result of his pioneer studies 
in this field in 1879. He was apparently interested in the deport- 
ment of different cements in this respect, for he used eight 
different ones in his studies. The other early investigators also 
used different cements, but confined their studies to neat speci- 
mens or mortars. But in more recent years the variables studied 
have been types of aggregate, proportioning of the mix, amount 
of water used, temperatures and’ humidities during storage, ete. 
It has been assumed either that the cement was of little influence 
in affecting any volume change or that the amount of cement used 
in a concrete was, relative to the aggregates, so small that it 
could have but little effect. 

White, one of the earlier and most prolific investigators in this 
country of the subject of volume changes, in his second paper’? 
makes the statement, after mentioning the use of four different 
portland cements, “A wide variety of types of commercial 
cements is thus included, but. the results are so similar in the case 
of the portland cements that the curves can all be treated alike.” 


10Volume changes in portland cement and concrete: White.. Proc. Amer. Soc. for Testing 
Materials, Vol. XIV, Part II, p. 204 (1914). 
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TABLE IV 
Per cent changes in lengths of cement specimens 
Investigator | Neat Specimen| 1:3 Mortar Remarks 
Expansion during storage in water 
Bauschinger! . 046 .009 Measurement at 16 weeks 
Schumann? .150 .028 Measurement at 1 year 
Toméi? 025 .027 Measurement at 90 days 
Considere?* .079 028 Measurement at 63 days 
Gary® .063 008 Measurement at 1 month 
Gary® .078 013 Measurement at 3 months 
Gary® 094 012 Measurement at 1 year 
Gary® .092 020 Measurement at 2 years 
Campbell and 
White® .190 Measurement at 5 years 
Contraction during storage in air 
Bauschinger .214 182 ‘|Measurement at 16 weeks 
Schumann 040 Measurement after 1 week 
in water and 3 weeks in air 
Toméi .201 094 Measurement at 90 days 
Considere ey . 050 Measurement at 63 days 
Campbell and 
White .390 Measurement at 5 years 


1Bauschinger: 


Mitt. Mech. Tech. Lab. d Tech. Hochsch. in Munchen: 8 Heft (1879). 


2Schumann: Ton. Zeitung. Vol. 5, p. 184 (1881) Vol. 13, p. 435 (1889). 


8’Toméi: Trans. Amer. Soc. Civil Eng., Vol. 30, p. 16 (1893). 

4Considere: Compt. Rend. p. 129 and 467 (1899). 

5Gary: Mitt. Kgl. Tech. Versuchsanstalt zu Berlin: Erganzungheft 1 (1889). 
6Campbell and White: Jour. Amer. Chem. Soc., Vol. 28, p. 1278 (1906). 


His data, presented in graphic form only, do not show any marked 
differences in the volume change (increase in length, in this work), 
between the four cements in neat specimens stored in water, 
until what appears to be 60 days. Then, however, the rate of 
increase in length appears to be quite different, so that at six 
months two of the cements had increased in length .075 per cent, 
the third about .06 per cent, and the fourth .10 per cent. At the 
end of a year the values are .10, .075 and .15 per cent, respectively. 
The author apparently intended to indicate in the above quota- 
tion only the similarity in trend and not in values in the curves, 
for it seems that one of the cements in a year had twice the ex- 
pansion of another. However see White’s later paper in the 1928 
Proceedings of the American Society for Testing Materials.!* 


The data presented in Table IV are taken from Table I of an 
‘earlier paper of White.!! The values given are the averages ob- 
tained by each investigator, studying from one to ten cements. 


10a Volume changes of portland cement as affected by chemical composition and ageing: White. 
Proc. Amer. Soc. for Testing Materials, Vol. 28, Part II, p. 398 (1928). 

Destruction of cement mortars and concrete through expansion and contraction: White 
Proc. Amer. Soc. for Testing Materials, Vol. XI, Part II, p. 531 (1911).. 
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For the actual range in values obtained by each investigator 
reference must be made to the original paper but, even without 
the latter, it can be seen that there is a marked difference in 
cements in respect to their volume changing during hardening. 
The data are for cements made many years ago and cements have 
surely changed in certain respects since then, but it is hardly 
likely that they would show less differences in the quality under 
consideration now than then.. How much such differences would 
affect concretes is rather difficult to surmise, since cement has 
seldom been made a variable in the study of volume changes in 
concrete. 

Hatt, however, has drawn some relations between the volume 
changes of neat cements and those of concretes made therefrom 
in two of his publications.”»8= He states in his “Researches in 
Concrete,” that “neat cement which contracted in air during 90 
days, subsequent to immersion, to the amount of .142 per cent, 
when made into a 1:2:3.5 gravel concrete shrank .035 per cent 
after 90 days. Another cement which showed a contraction 90 
days subsequent to immersion of .073 per cent, when made into 
1:1.5:3 gravel concrete shrank .015 per cent after 90 days in air.” 
The reader is referred to Hatt’s ““Researches in Concrete” for an 
excellent digest and bibliography of ‘‘Expansion and Contrac- 
tion” of cement and concrete. Fig. 1 is reproduced from Hatt’s 
“Physical and Mechanical Properties of Portland Cements and 
Concretes” (Bul. 24, Eng. Exper. Station, Purdue Univ.), and is 
illustrative of how cements may differ in their coefficients of 
dilation during hardening. 

There is a rather voluminous literature on this subject wherein 
the cement has not been a variable and those particularly in- 
terested should closely study certain of the publications, such as 
those of Pearson, Hatt, and Graf.® These are of special in- 
terest in showing that marked changes are taking place during 
setting and that unless measurements are made while the early 
hardening is taking place, at which period the concrete is still 
plastic, rather erroneous ideas of the total movement will be 


L2Effect of moisture on concrete: Hatt. Proc. Amer. Soc. Civil Engineers, May 1925. 
13Researches in Concrete: Hatt. Bul. 24, Eng. Exper. Station, Purdue Univ. 
uShrinkage of portland cement mortars: Pearson. Proc. Amer. Cone. Inst., Vol. XVII, 
. 185 (1921). 

4 pots wapitity of concrete: Hatt. Proc. Amer. Cone. Inst., Vol. XXII, p. 364 (1926), 
16Volume change of cement and cement mortars during setting: Graf. Beton und Eisen, 


1921-22. 


JoURNAL OF THE AMERICAN CONCRETE Instrrute—Proceedings 


80 


JO SUILUAMIOUd TVOISAHd,, S,LLVH WOUd) SNVAd LNANDO LVAN JO NOILLOV 


00z/ 


O2// 


O20 


*(, SALTUONOD UNV SLNEWAD GNVILYOd 


g 008 O2L OF9 


UBjOM UI 
hae 


shog ul aby 


i 


O9S 


O8b 00% 


0ze One 
fuojo. 
_— 


{— 


MOGH JO MO UT 


= 


| 
DEO, Ll 


[woo [e607 


fua2 4af Uy 2bU0 
| | 


= 4 
£2, 'B/ AON 


+ 


| 


puolg @Asn7Z 


ee oe 
f-—— = 


Wate 
Pc A 


al 


pusbe 7 


YD F4BIeM 


—| 


ik 


i 


| 

| | 
— 4 

| 

i 

| 


{UPI ADS Ul UOUIPUUOCTD 


WLNOO GNV NOISNVdXY—T ‘Oly 


+> 


Lols UOAXTZ 


Variations in Standard Portland Cement 81 


obtained. This is cited here because too many investigators have 
not started measurements until after the first 24 hours or more, 
when the cement product has secured considerable of its strength, 
attained and passed a considerable amount of its total volume 
change, and possibly acquired in so doing some internal strain. 

The question of plastic yield of set concrete under load has not 
to our knowledge been studied from the viewpoint of how it may 
be affected by the use of different cements. Those interested in 
the general subject, without particular regard to the brand of 
cement used, may find a bibliography in Hatt’s publications cited 
in footnotes 12 and 13, and also in the report of Sub-Committee 
XVI of Committee C-9, contained in Proc. Amer. Soc. for Testing 
Materials, Vol. 28, Part I, pp. 376-393 (1928). 


CHEMICAL HEAT OF SETTING IN LARGE MASSES 


The heat generated during setting of concrete has attracted 
the attention of many for a considerable period of years. Further, 
those who have studied the question have properly connected it 
with shrinkage, since initially if the concrete has reached a tem- 
perature during setting above that of the surrounding atmosphere 
contraction must result during later cooling, unless the concrete 
is of the rather unusual yet possible kind that would expand 
during hardening. 

A very extended discussion of this subject appears as a result 
of the paper by Gowen!’ in the Transactions of the American 
Society of Civil Engineers in 1908. Merriman in discussing the 
paper makes a statement which should be clearly borne in mind 
on account of its significance regarding the magnitude of the 
temperature change and because of coupling it with induced 
tensile stress. He states “that in any masonry dam the maximum 
range in temperature which causes tensile stresses in the masonry 
is the difference between the temperature at which the cement 
assumes set and the cement temperature which may subsequently 
be reached.” This brief statement clearly indicates the im- 
portance of the heat evolved during setting. Since the maximum 
temperature which may be reached after hard set has taken place 
may be 50° F. higher than the surrounding normal temperature, 
and since further in many cases the atmospheric temperature 


The Effect of Temperature Changes on Masonry: Gowen. Trans, Amer. Soc. Civil Engin- 
eers, Vol. LXI, p. 399 (1908). 
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range may be 100°, it follows that volume changes (shrinkage) 
may be induced by a temperature drop of 100 to 150° F. 


Those who are interested in the full import of this matter 
should consult the December, 1928, issue of Hydraulic Engineer- 
ing. The papers in this issue, ‘Gravity Dams Subject to Internal 
Stresses which Result in Undesirable Fractures,” by Noetzlh, 
“Temperature Variations in Concrete Dams as a Probable Cause 
of Unusual Stresses,” by Floris, and ‘‘Distribution of Major 
Stresses in Arch Dams Should Be Uniform Throughout the 
Structure,” by Vogt, all deal more or less with the question of 
heat evolution during setting and the resulting shrinkage during 
cooling of dams. Many very valuable references to this subject 
will also be found here. 


Although the shrinkage of large masses of concrete due to 
cooling following the heat of setting has a proper place in this 
present paper only insofar as it concerns different cements, yet 
the liberty is taken of presenting here certain data and comments 
from these three papers in the above cited issue of Hydraulic 
Engineering. Floris gives the following data regarding the tem- 
peratures developed in certain dams. (He also gives the reference 
from which he obtained the data.) 


Name of Dam Maximum Temperature Period of 
Reached Measurement 

Kinsico SoH 3 years 
Wilson 113°F 8-9 months 
La Jonge 104°F 1 year 
Arrowrock 96°F 3 years 
Spaulding 91°F 4 months 
Boonton 78°F 3 years 
Waldeck 64°F over 1 year 
Rock Creek 62°F 17 days 
Stevenson Creek 117°F 4.5 months 


Although undoubtedly different cements were used in these 
structures, there were so many other variables (size of structure, 
amount of concrete placed daily, proportions of aggregate used, 
etc.,) that it would be rash to assume that the differences in 
temperature developed were due to the use of different cements. 
Floris makes the following statement: ‘‘At the highest tempera- 
ture of the concrete, the dam is free of stresses as mentioned 
previously. As soon as the temperatures drop, however, stresses 
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Fic. 2—CRACKS IN A PORTION OF ST. FRANCIS’ DAM (FROM NOETZLI 
IN “HYDRAULIC ENGINEERING’’). 
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are developed and the concrete begins to shrink slowly. Accord- 
ing to Dr. W. Ludten!’ the shrinkage of the concrete takes place 
700 times slower than the falling off of the interior temperatures 
due to the chemical effect.” 

Fig. 2, reproduced from Noetzli’s article in the issue of Hy- 
draulic Engineering above referred to, shows very clearly the 
shrinkage cracks in the large portion of the St. Francis Dam re- 


maining standing. Commenting upon this Noetzli says: 

As stated by Lars Jorgensen,” the contraction joints in the Lake Spaulding 
Dam were placed 80 feet apart and shrinkage cracks developed during the 
first winter after completion of the dam midway between each two joints. 
Similarly in the St. Francis Dam in which no contraction joints were provided, 
vertical cracks from 50 to 75 feet apart developed in approximately radial 
planes. The breaking up of the structure at the time of failure into a number 
of vertical slices, of which the remaining middle prism is a vivid illustration, is 
a striking instance of the desirability of concrete dams being provided with 
contraction joints. 

While ample proof of the shrinkage of the concrete of dams in a longitudinal 
direction has long been available, the failure of the St. Francis Dam, exposing 
the interior of the structure, has furnished startling evidence of similar shrink- 
age in an upstream and downstream direction, resulting in the formation of 
inclined cracks in the interior of the dam. 

To take care of this shrinkage Noetzli then suggests the 
procedure indicated in Fig. 3. In suggesting this he states: 

At present the shrinkage of the concrete of gravity dams appears to be 
unavoidable. Vertical contraction joints have largely eliminated undesirable 
effects of shrinkage in a longitudinal direction. In some recent designs it is 
proposed to take care of the shrinkage in a transverse direction by providing 
inclined contraction joints in the interior of such dams. A notable example is 
the San Gabriel Dam, a structure of the gravity type of about 500 feet in 
height. . . . It will be provided with three internal contraction joints 
arranged after careful computation in planes parallel to the principal stresses 
for the dam under full load. In these planes the strain is zero. There is 
therefore no tendency of a relative movement taking place of the concrete 
surfaces on either side of a joint. On the other hand the joints may open or 
close according to the tendency of the concrete to shrink or expand due to 
shrinkage or a change of moisture or temperature of the concrete. 

Such included joints have been used with gratifying results in the buttresses 
of the Coolidge Multiple Arch Dam in Arizona, and they are being provided 
in the buttresses of the Big Dalton Multiple Arch Dam of the Los Angeles 
County Flood Control District. 

Vogt, in his article referred to above, says: 


1sTemperaturveranderungen in Beton infolge der abbindenwaerme und unter dem einfluss 
oe pet te ee und der sonnenbestrahlung: Ludten. Der Bauingenieur 1924: 

Os 2a, 249 

Trans. Amer. Soc. Civil Engineers, Vol. 78, p. 716 (1915). 
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It has been claimed that swelling of concrete due to water soaking would 
produce ideal conditions and justify the use of the cylinder formula. It is 
general experience that contraction joints open up, not only at the surface 
of the concrete dam, but also in the interior of the majority of both thin and 
thick dams, as can be seen in the inspection galleries. Furthermore, the 
experience is that after some years these joints are enough open to make’a 


MAXIMUM SECTION, SAN GABRIEL BAM 
SHOWING INCLINED JOINTS 


CALE 
coe. & wr 


Fig. 3—COoNTRACTION JOINTS IN SAN GABRIEL DAM (FROM 
NOETZLI IN ‘HYDRAULIC ENGINEERING’). 


grouting possible, which proves the cooling from the high setting temperatures 
in the long run more than offsets the swelling due to water soaking. Dams 
which are not provided with contraction joints usually crack, which is a 
further indication of thesamething. . . . In thick dams both the moisture 
content and the temperature in the interior will change very slowly and the 
opening of the joints can hardly be explained by seasonal changes in the tem- 
perature or by drying out of the concrete due to emptying of the reservoir. 
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The tests, for instance, from Arrowrock Dam”; show that by forming the 
concrete in layers of a reasonable thickness and with a reasonable progress in 
the work, a rather high initial temperature will be developed due to setting of 
the concrete, and that this chemical heat disappears very slowly in thick 
dams. With thicknesses of 100 to 150 feet about one-half of the initial tempera- 
’ ture will remain after from four to nine years, respectively, and the chemical 
heat will not disappear entirely before two or three times this time has elapsed. 

The author then goes on to discuss grouting under pressure 1n 
contraction joints to produce ‘‘an upstream load on the cantilever 
counteracting the downstream load from the water pressure” and 
points out that if done early, later contraction due to the later 
cooling will produce shrinkage not eliminated by the grouting. 
As grouting must be done before the dam is first in service, he 
calls attention to the possibility of artificial cooling by circulating 
water through slots formed in the different compartments in con- 
struction joints spaced about 50 feet apart. 


There is possibly no more important phase of concrete investi- 
gation neglected at the present time than this one of shrinkage 
(or volume change) resulting from the heat of the chemical re- 
action plus that of the surrounding atmosphere. What has been 
done is strikingly lacking in bearing in mind the many variables. 
Thus generally in making volume change observations, recourse 
has not been had to control of temperature or humidity condi- 
tions. When this has been done the conditions which might 
actually exist in practical work have been neglected. Take for 
instance the studies of volume changes in concrete intended for 
road making purposes. It has not been possible to find any 
records where any one permitted test specimens for the purpose 
in question to set and harden under such conditions of tempera- 
ture as exist largely in road making. 

When control of temperature has been had, it consisted of 
maintaining the specimens at all times at an “average” or 
“normal” temperature of about 70° F. But in road making, 
carried on as it is largely during the summer months, the tem- 
perature of the materials and the atmosphere may-reach 100° and 
more before the reaction of the cement and water starts. By the 
time the reaction has proceeded until rigidity of the mass is 
obtained, the temperature may be 10 to 30° higher. Then in 
from 6 to 9 months, during the winter, the temperature of the 


“°Trans. Amer. Soc. Civil Engineers, p, 1225 (1915). 
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mass will have fallen to possibly below zero. Hence it is not 
surprising that laboratory results, obtained under such totally 
different conditions from those existing in the field, do not in- 
dicate the cracking of concrete whereas the cracking may actually 
take place in the field. 


There have been some data published from time to time bearing 
more properly on the subject at hand—the different heats of re- 
action with water of different cements. The 1901 report of the 
Waterton Arsenal gives the temperature rise at the center of 12” 
cubes of neat cement made of 13 different cements (natural and 
portland). Thermometers inserted at the center were used to 
indicate the temperature. The specimens in board forms and 
with top exposed to the air were maintained in the air during 
hardening. The maximum temperature noted was 103.5° C. and 
the minimum 42.5° C. (for a portland cement). The natural 
cements developed much lower temperatures. Gary?! in his work 
used several different cements but was more interested in the 
development of certain equipment and the relation between the 
determination of the time of set by needles and by measurement 
of the evolution of heat. Cushman discussed the matter before 
the 8th International Congress of Applied Chemistry in 1912 and 
Beals presented a paper in 1913 before the American Society for 
Testing Materials on ‘‘Thermal Activities of Portland Cement 
During the Period of Setting” (p. 720, Vol. XIII). 


The data presented in Table V through the courtesy of Mr. 
Thaddeus Merriman from unpublished data obtained by him, 
and that in Fig. 4 from data obtained at the Bureau of Standards, 
are believed to be as complete and illustrative as any available. 


Merriman obtained his data by mixing 450 grams of cement 
with 112 ml of water in a tinned can, three inches in diameter and 
three inches high. This was placed inside of a specially con- 
structed calorimeter and the temperature of the mixture de- 
termined by the use of thermometers read at 15 minute intervals. 
The heat losses of the calorimeter were also determined at 
different temperatures and the temperatures read on the thermo- 
meter corrected according to the previously determined heat 
losses. 


2Uber neue Abbindeversuche mit Portlandzement: Gary. Protokoll Vereins deutsche 
Portland Zement Fabrikanten 1905, p. 153. 
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Temperature, Degrees Centigrade 


20 ee ee ee ee 
Oy 124 (6) 68 NO! 2 14 NG SSI N20 225 74) SNOT CAS 6G. IONIC ee G6 Cee cOn cence: 
Time in Hours 
Temperature Developed During Hardening of 32 Brands of Portland Cement 
Average of at least two values obtained by the Bureau of Standards - using 675 grams water and 200 qrams Cement. 


Initial set (0) and Final set (¢) by Vicat Needle“ are the average values obtained by 44 Laboratories using Normai Con- 
sistency 


* 3 Laboratories used Gillmore Needles. 
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At the Bureau of Standards 200 grams of cement were mixed 
with 67.5 grams of water by a high speed motor-driven stirrer for 
one minute, in a tinned can 23 inches in diameter and 3 inches 
high. This was then placed in a thermos jar, closed and placed 
in a cabinet maintained at 70° F. + 2° for 24 hours. The tem- 
perature was read by multiple junction base metal thermocouples 
and recorded by a sensitive potentiometer. 

The same cements were used by both Merriman and the 
Bureau of Standards. They are described and their properties 
given in the report of Committee C-1 of the American Society 
for Testing Materials to that Society at its 1928 meeting (Proc. 
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A. 8. T. M. 1928, Part I, p. 233). The numbers used in Fig. 4 
and Table V to differentiate the cements are the same as those 
used in the committee report. 


TABLE V 
Total Temperature Rise (Degrees F.) of Neat Pastes of Thirty-Two Brands 
3 of Cement 
(Data supplied by Merriman, ae Engineer, New York Board of Water 
upply.) 
450 Grams Cement: 112 Grams Water 
s 
Cement No. Rise at 8 Hrs. Rise at 16 Hrs. Rise at 24 Hrs. 
1 151 196 198 y, 
2 38 124 140 
3 141 158 158 
4 36 138 149 
5 119 170 171 
6 105 176 184 
7 153 7a 174 
8 98 172 174 
9 105 159 159 
10 63 138 147 
11 84 172 180 
12 93 135 151 
13 131 180 187 
14 85 156 176 
15 47 169 171 
16 85 171 179 
AI? 90 182 185 
18 72 160 2 
19 45 142 154 
20 40 100 118 
21 129 174 177 
22 146 205 208 
23 95 159 162 
24 146 153 153 
25 93 141 149 
26 33 147 166 
27 132 155 156 
28 83 121 127 
29 96 162 171 
30 96 159 159 
31 100 142 151 
32 65 129 138 


In Fig. 4 there is also indicated the time of set. This shows 
that final set (assuming some rigidity) has taken place before the 
maximum temperature has been obtained. Both laboratories 
obtained data which show that there is a marked difference be- 
tween brands in respect to the property under consideration. 

But just how much difference there would be in the deportment 
of concretes made from these cements can be but a matter of 
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conjecture. It would be reasonable to assume that the concrete 
would-develop about the same relative variation, but it would be 
most interesting to know definitely whether this would be the 
case or if on the other hand those cements which as neat pastes 
developed high temperatures might not in large masses of con- 
crete develop relatively higher temperatures than the other 
cements. Such data as these presented merely indicate the need 
of further study, particularly of concrete so hardened as to 
acquire temperatures more in accord with those obtained in mass 
concrete in actual jobs than the usual procedure generally per- 
mits. ‘ 
REACTIONS TO CURING CONDITIONS 


The failure of obtaining results of strength determinations that 
could be reproduced from day to day has long since convinced all 
interested in the need of controlling particularly the humidity, 
and to a less degree the temperature of the atmosphere in which 
cement and concrete specimens are cured. But just how much 
either of these two necessities would affect different cements has 
not been a matter of much investigational concern. The com- 
mittee therefore cannot cite many data that would show if curing 
conditions would indicate differences in cements. 

In general laboratory procedure, specimens having portland 
cement as a binder are invariably stored in water or in an at- 
mosphere about saturated with water vapor. Such conditions 
are fairly readily obtained, but in many localities it is difficult to 
maintain the temperature throughout the various seasons with- 
out an expenditure of money that in many cases seems unjustified. 
Hence in the great majority of cases no attention is paid towards 
maintaining a fixed adopted temperature or trying to evaluate 
properly what has been the effect of a variation from the usual 


normal temperature of the atmosphere. There have been in- 


vestigations studying the effect on strength of concrete cured at 
freezing or slightly higher temperatures, and at temperatures 
around that of boiling water or somewhat higher, through the use 
of autoclaves. But when the data are examined it will invariably 
be found that the cement has not been a variable. Thus, Bulletin 
15 of the Structural Materials Research Laboratory of the 
Portland Cement Association at Lewis Institute, gives data 
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covering five methods of curing concrete, in moist air by covering 
with damp earth, air curing, covering with asphalt impregnated 
paper, sprinkling with flake calcium chloride, and painting with a 
41° Baume solution of water glass. But it states, “portland 
cement (A) purchased from dealer’s warehouse at Sacramento 
was used.” 


A report of the work done annually by the laboratory of the 
German Portland Cement Manufacturers Association will be 
found in their annual proceedings. This always gives the results 
obtained in testing the products of the association members 
according to the German standards. Since, further, two methods 
of storage are specified for the mortar specimens to be tested at 
28 days, some idea of the deportment of German cements in this 
respect as mortars can be obtained by reference to these publica- 
tions. One of the storage or curing conditions consists in placing 
the specimens, after removal from the molds at the end of 24 
hours, in water until tested; the other requires the same procedure 
for the first 7 days and then storage in the air of the laboratory. 
The specimens cured according to the last procedure invariably 
give higher strengths, notwithstanding the idea so prevalent in 
this country that dry specimens will give lower strengths than 
wet ones. The controlling feature in this latter matter 1s not so 
much whether the specimen is dry or wet when tested as what is 
the age and throughout what length of time during its age has it 
been wet or dry. 

Somewhat similar data for mortars made of ten domestic 
cements are given in a paper in the 1923 Proceedings of the 
American Society for Testing Materials.” The strengths both in 
tension and compression of 1:3 standard sand mortars are higher 
when stored for approximately the first quarter of their life in 
_ water and the remaining three-quarters in air than when stored 
for similar periods continuously in water. This holds at the end 
of five years, which was the last age at which specimens were 
tested. The effect of the two kinds of storage is different for the 
several cements, but there does not seem to be any apparent 
explanation of why this should be. As the cements used were 

2Tate Data on the Effect of Finer Grinding and a Higher SOs Content upon the Physical 


Properties of Portland Cement; Bates. Proc. Amer. Soc. for Testing Materials, Vol. 23, p. 
248 (1923). 
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bought on the open market it was not possible to have much data 
on the nature of their constitution, or the degree of “aging” 
during warehousing, which are essential for the possible explana- 
tion of differences in the hardening of cements. 


Table VI. 


1:2:4 limestone concrete made from 15 cements, stored for ages shown in the damp closet (D. C.) 
or in the air (A) on a roof. 


Cement Numbers 


1 2 3 4 5 6 7 8 9 | 10 | 11 | 12 | 138 | T4-| 15 


28 d. D.C. |3050|2730 2520 2550|2410|2640 2700 2280|2220|2200 |2300|17701780}1810)1990 
A |2870|2780|2820|2680 |2430 |2820 |2730|1940|2110|2240|2190}1870}1870/1820]1990 


6 mo. | D. C. |4120/3500|3680|37 10/3770 |3500|3680 |37 10|3770|37 10/4080 |3600 |37 10 |3460|3350 
A |3620|3700|3460|3090 |3160|3690 |3460|3090 |3160|3100|3160|3060 |3250|3100|3150 
lyr. | D.C. |4630/4510|3810|3790|4200|4680 |4250 |4210|4380 |4620 |4960 |4580 |4490 |4580 |4470 
A |3400]2970}2870 |2780|3090 |3330 |3340 |3150|3320|3290 |3380 |2800 |3340 |3000 |3040 


5 yr. | D.C. |5010/4110|3870|4270 |4050 |4550|4490 |4450 |4750 |4580 |4810 5020 |5110|4990 |4910 
A |4140/3950|3960|3600 |3660 |4240 |4100 3950 |4200|3700 |4250 |4580 |4190 |4280 |4230 


Age |Storage 


Table VI presents certain data obtained at a cement plant 
where a number of cements of different composition were ob- 
tained, All of these met the requirements of the American Society 
for Testing Materials. In the table only the strengths of 1:2:4 
limestone concretes at the ages of 28 days, six months, one year, 
and five years are given. One set of three 6 by 12 cylinders was 
stored in the damp closet after 24 hours in the molds, and one set 
on the roof after the first 24 hours in the molds followed by six 
days in the damp closet. It will be noted that at 28 days there 
was not much difference in the strengths as a result of the different 
storages. With some of the cements one storage gave the higher 
strengths and with others the opposite was noted. At six months 
the lack of water for further hydration needed for gain in strength 
by the roof-stored specimens is indicated by the almost general 
higher strengths and good gain in strengths of the damp closet- 
stored specimens, compared with the low strengths and lack of 
gain of the roof-stored specimens. This is very decidedly indi- 
cated by the one year specimens. At this age the concrete made 
from all the cements tested much higher after storage in the damp 
closet than after storage on the roof. Note also that the roof- 
stored specimens in the majority of cases showed less strength at 
one year than at six months. This is evidence not only of lack of 
hydration but also of drying out to the extent that the bond 
formed by the cement already reacted upon is losing strength. 
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The six months period between the testing at ages of six months 
and one year also came at a season of the year of very little 
precipitation and very low atmospheric humidity. 

At five years, however, the two storages are indicating more 
similar strengths for any cement, the damp closet-stored speci- 
mens showing less gain than the air-stored specimens. During 
the period between the one and five year tests precipitation had 
caused hydration at a greater rate in the roof-stored specimens 
than in the damp closet-stored specimens, already more com- 
pletely hydrated at the end of one year. 

The study of methods of curing and the effectiveness of the 
methods in reducing cracking and increasing strength and 
durability should be far more actively pursued than it is. Itisa 
matter of considerable interest to note that this is being done 
under the auspices of the National Research Council, insofar as 
road building is concerned. But the matter should be of just as 
much concern to all the other construction groups using cements. 


COLOR 


Of the many properties of portland cement which may be 
reflected in concrete none is of as little interest or concern as that 
of color. Further, none of the properties is considered to be more 
uniform than that of color. But it is nevertheless true that 
cements and concretes do differ in color. However, generally 
this is so slight that unless specimens are in close proximity to one 
another one cannot appreciate any difference in the tints. It 
should be borne in mind that white portland cement is not being 
considered here, although when it is used with darker colored 
sands and aggregates it is surprising how difficult it is to differen- 
tiate it from gray portland cement used with the same aggregates. 

Portland cement is generally referred to as being gray in color. 
- This is essentially true, although certain cements are at times of a 
distinctly yellowish tint and might be said to have a tan color; 
others have enough of a red tinge to partake of a muddy brown 
color. In any case these colors are due to two or three of the 
minor oxides present in the raw materials: titanium oxide to a 
lesser degree and iron and manganese oxides to a greater extent. 
The pure compounds of lime, silica and alumina, which comprise 
90 per cent or more of cement, are white. Although all three of 
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the first mentioned oxides are seldom present in total amounts of 
more than five per cent they produce the color in the cement. 
This color, however, is modified by the oxidizing or reducing 
atmosphere of the kilns, the temperature during burning, and 
certain unknown conditions during cooling. Generally the 
higher the iron oxide content and the more reducing the flame the 
darker gray the color. Low burning with high iron oxide content 
gives the tan shades and with low iron oxide the light gray shades. 
The muddy brown cement is the result of the presence of man- 
ganese which in some cements may approach a maximum of one 
per cent when calculated as the dioxide. 


It requires rather a color sensitive eye to note the differences 
in color produced in concrete by the use of widely different colored 
cements (other than white cement). This is particularly true of 
the tan or gray cements; the brown cements are inclined to yield 
a concrete rather readily distinguished by its more brownish 
shade. But in few cases is the difference in color sufficient to be 
objectionable. Rather, the slight differences are pleasing in 
breaking up the monotone. ; 


There is, however, one feature regarding the color or tint of 
concrete which should be always seriously considered. This 
refers to the color, lacking ‘“‘life,”’ whatever that may be. A dead 
chalky-appearing concrete is an excellent indication of poor con- 
crete and furthermore, more particularly, of poorly made con- 
crete. While it is almost impossible to define a “live color” or 
tint, there is no mistaking such a one when compared with a dead 
one, and the bringing together of a piece of well-made concrete 
of almost vitreous texture and a piece of concrete made from an 
over-watered mix, with its chalky powdering texture, will leave 
no doubt in any ones mind as to the significance of the term. 
Once having noted this condition it is one that should be borne in 
mind. The appearance of a chalky, too sandy fracture, in the 
matrix in concrete, coupled with a lack of life in its color, be that 
what it may, is quite positive evidence that too much water has 
been used in the mix. The appearance of the matrix under such 
conditions is very similar to that of laitance, and the resemblance 
extends beyond this physical appearance to the actual conditions 
under which they were produced—namely—the use of too much 
water. 
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CONCLUSION 


This paper has been developed along the general lines suggested 
to the committee. It is at some fault in not showing in all cases 
that different brands of standard portland cement have different 
physical properties or react differently under various conditions 
of service. But this fault is due to the lack of data in some cases 
which would support such a thought. This lack of data in turn is 
due to the assumption that all brands will at all times be similar 
in every respect. Hence, in investigative work in which cement 
might have properly been considered a variable, it was assumed 
to be a constant. In this paper an effort has therefore been made 
to show that it would have been just as logical to have assumed 
that various cements might at any time have different physical 
properties. The various properties of concretes have as a con- 
sequence been considered in the light of the fact that these proper- 
ties may be materially affected by the character of the cement. 
The urgency of studying all the properties of concrete as resulting 
in a major degree from the quality of the cement is stressed. 
There can be no constituent of concrete more worthy of study 
than the cement——without it there is no portland cement concrete 
—yet as an essential constituent of concrete it has been studied 
less than any of the other components. 


DISCUSSION 


BY THADDEUS MERRIMAN 


Mr. Bates, as Author-Chairman of Committee 202, has per- 
formed a significant service in the cause of portland cement. His 
paper points out with singular clearness the vital fact that no two 
cements are alike in all of their characteristics and, as an in- 
escapable corollary, he shows that cement must be considered as 
a variable if the results of tests on concrete and mortar are to be 
intelligently evaluated. 

For many years the writer has earnestly sought to present this 
sarhe aspect of the problem and he therefore heartily concurs with 
the presentation of the author. Yet he would go further and 
suggest that a partial remedy for the present uncertain situation 
as to cement quality is to be found in a specification for portland 
cement which will relate the strength it develops to its content of 
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lime. An overlimed and underburned cement will show a strength 
sufficient to pass the ordinary specification. . It will make a plastic 
concrete but, under outdoor exposure, will tend to disintegrate. 
The plasticity comes from the laitance which is produced by the 
rapid hydration of the underburned cement particles even before 
the concrete leaves the mixer. Nobody wants laitance because 
everybody knows it to be undesirable. Yet many cements now 
in the market develop laitance in large proportion. 


The present specification for cement may be likened to a 
specification for structural steel which contains no requirement for 
elongation. Such a specification would be just as one-sided as is 
the so-called standard for portland cement which, predicated on 
strength alone, contains no requirement for “‘completeness of 
manufacture.” But progress in this direction is in sight. The 
kind of cement needed for use under outdoor and hydraulic ex- 
posures is being made and can be had if only the consumer will 
write his specification accordingly. Recent contracts prepared 
under the direction of the writer, and calling for 1,500,000 barrels 
of cement, specify that the tensile strength of mortar briquettes 
shall not be less than 275 pounds at 7 days and not less than 375 
pounds at 28 days. It is also required that the molecular ratio 
first suggested by Colony! shall not exceed 2.60. The alumina is 
held below 7 per cent., the magnesia below 4 per cent. and the 
sulphuric anhydride below 1.75 per cent. The cement furnished 
under this specification is of excellent quality. Laitance appears 
not at all; the compressive strengths are high and the texture 
of the concrete begets confidence because of its firm and rocklike 
appearance. It is an excellent cement but can be made still 
better by holding the molecular ratio down to say 2.45. 


The time is close at hand when we must put aside the con- 
ceptions of cement compounds which have been our guide for 
some years past. These concepts may ultimately be developed 
and become of value, but for the present they are not even useful 
as symbols for pointing the way to progress. Tri-calcium siligate 
and di-calcium silicate have been the passwords in a large part of 
the literature on portland cement, yet the existence of these com- 
pounds in the cement of commerce has never been conclusively 


Judging the Quality of Portland Cement.’’ Trans., Amer. Inst. Mining and Metallurgical 
Engineers, 1921. 
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demonstrated. Theoretically it would be of value to know the 

compounds which are present but practically it makes little 

difference. We may just as well, for the purpose of discussing the 

problem, assume that all cement contains four types of com- 

pounds and describe each by the characteristics it develops in 

concrete rather than by its chemical formula. Thus, the existence 

of the following compounds may be predicated: 

Typé A—Makes durable and resistant concrete of high strength. Its con- 
stituents are closely and intimately combined. 

Type B—Makes strong concrete but develops laitance and tends to disinte- 
grate. Its constituents are indifferently combined. 

Type C—Makes concrete of fair strength which disintegrates easily. Its 
constituents are loosely combined and it develops much laitance. 

Type D—Develops no strength in concrete and readily disintegrates. Its 
constituents are only barely combined and it acts merely as an adult- 
erant which makes much laitance. 

Each of these types may be further divided but the four 
enumerated serve to illustrate the principle that all portland 
cement is a mixture of a number of types of compounds. The 
proportions of the several types vary in different cements from 
different mills and often from hour to hour in the same mill. One 
cement consisting largely of Types A and B is an excellent 
product. Another contains a little of each of Types A and D and 
much of Types B and C. It is a medium cement which tends to 
disintegrate on exposure. A third cement may consist of Types 
B, C and D, with C predominating; it will show good strength 
but will quickly disintegrate and will show much laitance. All 
of these three assumed combinations will pass the usual specifica- 
tion requirements. They sell at the same price yet they are not 
of equal value in the concrete they produce. The great need of 
the engineer is for a test which will enable him to select that 
cement which is best suited to his work. Such a test, however, 
will not come to be recognized until both producer and consumer 
understand that portland cement as produced in the rotary kiln 
is not a fixed and definite compound, but is, in fact, subject to 
many variations which, oftimes, are of great magnitude and are 
not disclosed by a specification which merely calls for a minimum 
strength. Under such a specification low grade products are hall- 
marked as equal to the best. In no other field of material used in 
engineering structures does such a condition obtain. 
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The author has indicated numerous points on which cements 
differ and it may be of interest to present still another as to the 
group of 32 cements to which he has referred. Using the method 
of sugar solutions described by the writer,? the results in the 
following table were obtained on these cements. The designating 
numbers being the same as those used by the author and by 
Committee C-1 of the A. S. T. M. 


> 


Solubility of 10 Grams *Solubility of 744 Grams 
Cement No.| in 100 cc of 15% Sugar in 100 ce of 15% Sugar- 


Solution Lime Solution 
1 40.9 42.3 
2 4.4 7 
3 5) 95 38.2 
4 3.9 Zone: 
5 39.1 33.9 
6 44.7 36.1 
7 20.4 Ble) 
8 32.8 31.9 
9 11.8 28.1 
10 24.0 29.6 
11 4.6 Pat 88 
12 (yy i 24.8 
13 21,2 S008 
14 6.4 31.6 
15 Piles Sons 
16 35.4 38.8 
17 40.1 40.5 
18 29.8 32.4 
19 De S1e5 
20 CeO 19.7 
Dil 34.5 36.3 
22 Ale 39.4 
De 4.9 26.2 
24 Heh 34.0 
25 16.4 30.3 
26 22, 20.5 
27 36.6 38.3 
28 he 25.6 
29 5.0 29.2 
30 27.0 30.1 
31 18.3 24.3 
32 1228 25.9 


The solubilities reported in the above table are those indicated by the end 
point of the methyl orange used in the titrations. 

*To the sugar solution used in this test sufficient calcium hydrate was added to require 5 ec 
of the N/2 acid for neutralization. With this sugar-lime solution the 714 grams of the cement 


were then agitated as in the case of column 2. The solubilities reported include the acid neces- 
sary to neutralize the initial alkalinity. 


toon ew Studies in the Properties of Portland Cement.”—Engineering News Record, Oct. 23, 
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If the constituents of these cements had been alike in com- 
position and constitution, the solubilities in the above table 
should, for each test, have had the same value for all the cements. 
The compositions of the cements as indicated by the chemical 
analyses were, generally, similar, and so it may reasonably be 
inferred that they were in fact very widely different as to their 
constitutions. 

In the above table it is interesting to note that the addition of 
lime to the sugar solution actually increased the solubilities of 
the cements. The action of the lime thus seems to be analogous 
to that of a key unlocking a door. Apparently the constituents of 
the cement are broken down in the sugar solution by the very 
presence of the lime itself. This is a circumstance of much import 
and is being further developed. 

The author discusses the effects of shrinkage of concrete in 
masonry dams and presents a photograph, Fig. 2, of the St. 
Francis Dam, on which certain cracks have been indicated. It 
should be noted in this connection that any crack which may have 
shown on this surface of the dam can hardly be held as indicative 
of any condition within the mass of that structure. Certainly no 
cracks of this kind appeared on the opposite and corresponding 
face of the standing section of this dam. The face on which the 
cracks are indicated is the face of a shrinkage crack which existed 
before the failure. On such a face local and irregular crackings in 
almost every direction are to be expected. Conclusions from 
evidence of this nature must be drawn with care. 

The author also presents a cross section of the San Gabriel 
Dam. This section shows inclined expansion joints in planes 
parallel to the axis of the structure. A quotation presented by 
the author indicates that these joints are in planes parallel to the 
principal stresses for the dam under full load; that in these planes 
- the strain is zero and that there is therefore no tendency to rela- 
tive movement of the surfaces on either side of the joint. The 
assumption that the principal stresses will be parallel to the joints 
when the dam is under full load should be viewed with the closest 
scrutiny. Unless it be precisely realized, stresses must be carried 
both across the joints as well as along them. This assumption, 
moreover, cannot apply either while the reservoir is empty or 
while it is filling. The deflection of a liminated beam is necessarily 
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greater than that of a solid one. So far as present knowledge of 
shrinkage cracks in masonry dams is concerned, it would seem to 
be reasonably sound to permit such cracks to occur as they may, 
in the knowledge that they will naturally interlock and thus pro- 
vide for the transfer of at least some stress without introducing 
possibilities which are not susceptible of exact evaluation. The 
effects of longitudinal cracking, if any, may be almost entirely 
eliminated by providing a drainage system close to the upstream 
face, so as to prevent the penetration of water into the body of the 
dam. 

Great credit is due the Author-Chairman for the manner in 
which he has presented the subject before his Committee. In the 
judgment of the writer, his paper marks the beginning of a new 
era in portland cement for both manufacturer and consumer. 


Readers are referred to the JourNat for March, 1930, for further 
discussion which may develop. 


SoME PERMEABILITY SrupIES Or CONCRETE 
BY F. R. MCMILLAN* AND INGE LYSET 


INTRODUCTION 


THE EXTENSIVE use of concrete in structures for hydraulic 
power developments, harbor works, irrigation, water supply, and 
other construction fields has brought to the attention of engineers 
that among the properties of concrete, watertightness may be of 
even greater importance than compressive strength. The 
importance of impermeability is not so much a matter of con- 
fining the water to its proper channels, for almost any concrete 
carefully made and cured will prevent serious loss of water 
through percolation. The real need for watertightness is to 
prevent the disintegration which results from the freezing of 
saturated porous concrete or that slow breaking down through 
the solution of essential ingredients. It needs only a brief 
survey of structures which have been exposed to severe climatic 
conditions to appreciate how important is the destructive effect 
of frost where the concrete is readily permeable. Likewise, there 
are everywhere examples of structures where unsightly deposits 
of calcium carbonate bear evidence of water percolating through 
some defective area or seeping along a day’s work plane. 

Typical examples of concrete structures in service are shown 
in Fig. 1. The picture at the left shows a wall in which the 
coping and upper portion are breaking away due to the freez- 
ing of contained moisture. The picture at the rnght shows 
a portion of a dam with heavy deposits of calcium carbonate at 
several fill planes and at intermediate points where water has 
found its way through defective spots. These illustrations 
show forcefully the need for study of watertightness so that con- 
crete can be proportioned and placed to avoid these difficulties. 

The tests reported in this paper were undertaken at the 
Research Laboratory of the Portland Cement Association, for the 
special purpose of studying the watertightness of concrete mix- 


*Director of Research, Portland Cement Association, Chicago. 
+Assistant Engineer, Portland Cement Association, Chicago. 
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Fic. 1—EXAMPLES OF CONCRETE IN SERVICE. 


LEFT, PORTION OF WALL SHOWING RIGHT, PORTION OF DAM SHOWING 
DISINTEGRATION AT TOP DUE TO INCRUSTATION DUE TO SEEPAGE 
FREEZING OF POROUS CONCRETE. ALONG JOINTS. 


tures as part of a general investigation covering the factors 
affecting the durability of concrete. This particular group of 
tests has been under way for the last year. While it is by no 
means complete, even in the limited field to which the tests are 
restricted, the results to date are of sufficient interest and im- 
portance to warrant their publication at this time. 


In view of the attention which is now being given to permea- 
bility tests of concrete, some space in this report is devoted to a 
description of the apparatus used and the reasons for its adoption. 


PERMEABILITY APPARATUS 


The type of apparatus used in these tests was determined 
largely by certain limitations imposed by the magnitude of the 
proposed program. The large number of variables to be investi- 
gated made it a matter of first concern that the apparatus be 
easily duplicated, and that it be of such design that specimens 
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could be inserted and removed with a minimum loss of time. 
Another feature of the program which influenced the type of 
apparatus was the intention to include tests of concrete specimens 
cut from larger masses of concrete. This latter feature was 
responsible for the use of disc specimens 6 in. in diameter, for 
it was desired to test some specimens cut from standard 6 by 
12-in. cylinders so that the permeability data could be very 
closely related to the wealth of information on concrete mixtures, 
which is largely recorded in terms of compression tests on speci- 
mens of this size. 

In addition to the above, there was imposed the further 
arbitrary limitation that the records must be based on the 
measurement of water actually passing through the concrete, 
rather than on the amount of water going into the specimen, as 
has sometimes been done. The purpose of this was twofold: 
first, to give an opportunity to study the solvent action of the 
percolating water; and second, it seemed like a more convincing 
method of comparing the watertightness of different mixtures or 
the effect of different conditions of test. 

To meet these several requirements, the apparatus shown in 
Fig. 2 was designed. This permits the use of discs 6 in. in diam- 
eter and of any desired thickness up to 4 in. The water passing 
through is caught in a glass funnel 4 in. in diameter held against 
the center portion of the bottom surface by means of springs. 
The funnel discharges either directly or through a rubber hose 
into a glass graduate which is loosely stoppered to prevent loss 
through evaporation. 

The apparatus is easily duplicated as it is an assembly of 
standard pipe fittings. The only piece which requires special 
machining is the 6-in. extra heavy duty wrought iron pipe nipple. 
This is machined at the threaded end to a diameter of 6)% in., 
leaving a \%4-in. shoulder upon which the specimen is seated. 
Forty-four such units are installed and have been in almost 
constant use in this series of tests for 12 months. Some extra 
units are fitted with smaller pipe to permit the testing of discs 
3 and 4 in. in diameter. 

A number of individual units are connected at 14-in. intervals 
on a horizontal pipe 4 or 6 in. in diameter which acts as a water 
reservoir in which the pressure is supplied by compressed air. 


t 
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There are five groups of units which can be carried simultaneously 
at the same pressure or at a different pressure on each group. 
The pressure on each line is held constant by a regulating valve 
and is recorded on a recording gage. Any unit can be discon- 
nected from the line at any time without interfering with the 
operation of the other units. 

Before placing the specimen in the apparatus, a thin layer of 
putty is placed on the shoulder. The specimen js then pressed 
against the putty so that a tight joint and uniform bearing is 
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obtained. The small annular space between the specimen and 
the pipe is then carefully filled with a bonding material consisting 
of a molten mixture of equal parts of paraffin and rosin. This 
gives a satisfactory bond for pressures up to 140 lb. per sq. in. 
which is the maximum used with the apparatus. After the 
specimens have been tested, the top flange is removed, the unit 
inverted and heated on the outside by means of a gas flame until 
the bonding material melts and the specimen drops out. 


THE RESISTANCE OF CONCRETE TO PENETRATION OF WATER 


The study of watertightness of concrete will be greatly simpli- 
fied if concrete is thought of as an aggregate mass thoroughly 
incorporated in a cement-water paste. If the aggregate particles 
are Impervious, obviously any water which finds its way through 
the mass must pass either through the cement paste or through 
openings due to incomplete filling of the space with paste. 
Under this simple conception of concrete, it can be seen that 
there are in effect only three requirements for watertightness, 
namely, (1) impermeable aggregates, (2) a cement-water paste 
which, when hardened, will be impermeable, and (3) a mixture 
such that the paste completely fills the spaces between the 
aggregate particles. A brief consideration of these three require- 
ments will clarify the discussions of the test data which follow. 


So far as the permeability of the aggregate is concerned, the 
problem of producing watertight concrete need not be difficult. 
Most of the common aggregate materials are sufficiently water- 
tight to resist the destructive effects of frost almost indefinitely. 
These are so well distributed and their behavior so well known 
that it is the unusual case where difficulty is encountered. Among 
the porous aggregates that do not resist weathering well when 
exposed to dampness and frost, are many sandstones and some 
limestones. These, as well as other porous materials, should be 
avoided where great watertightness or resistance to weathering 
is required. In the tests reported herein, the fine and coarse 
aggregate used were calcareous sand and gravel which have 
proved very satisfactory in severe exposure. So far as these tests 
are concerned, the aggregates can be considered impermeable. 
The study of porous aggregates is reserved for a later part of the 


investigation. 
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The other requirements of watertightness, (2) and (3) above, 
which may be referred to briefly as the quality and distribution 
of the paste, involve all those factors which constitute the science 
and art of concrete making and placing. 


The quality of the paste has been found to depend on three 
factors: (a) the characteristics of the cement, (b) the proportions 
of the cement and water used, and (c) the extent to which the 
chemical reaction between the water and cement has been allowed 
to progress. Similarly, the distribution of the paste in a mixture 
depends upon the amount and consistency of the paste and upon 
the size, grading, proportions, and other characteristics of the 
aggregate, and upon the methods of placing. Many of these 
factors were studied in the permeability tests which have been 
published previously, but they were considered as independent 
variables so that the results of such tests are only indirectly 
applicable to the design of concrete mixtures. Studies of the 
other properties of concrete have shown that these are not 
independent variables, but are only various means through 
which the cuality and distribution of the paste can be con- 
trolled. In this group of studies, principal attention has been 
given to the factors which govern the quality of the paste, 
for the importance of complete incorporation of the aggregate 
in the paste and the methods through which it must be secured 
will be recognized at once by the thoughtful student. 


PREPARATION, THICKNESS, AND AGE OF TEST SPECIMEN 


At the outset of this investigation it was hoped that a large 
proportion of the specimens could be cut from 6 by 12-in. cylin- 
ders. The series expanded so rapidly, however, that it was found 
impracticable to cut so large a number of specimens. A small 
series of tests were, therefore, carried out to determine if any 
considerable error would be involved in using molded dises 2 in. 
thick in place of the 2-in. dise cut from 6 by 12-in. cylinders with 
a carborundum saw. This series of tests showed that the molded 
dises gave practically identical results with those cut from the 
larger specimens when the surface films were removed from the 
molded specimens. To remove the surface film the practice was 
established of grinding the surfaces on an emery stone and 
brushing with a wire brush before placing under test. A layer 
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te to % in. thick was thus removed from the top and bottom 
surfaces of each disc. 

‘The thickness of the specimen used has generally been 2 in. 
which gives satisfactory results where the aggregate does not 
exceed 34 in. in maximum size. For specimens of this thickness, 
pressures of 40 to 80 Ib. per sq. in. were used, depending upon the 
character of concrete at the time it was subjected to the test. 

For the study of mortar specimens, a thickness of 1 in. has 
been adopted which seems to be satisfactory for pressures up to 
20 lb. per sq. in. Since the specimens all have the same diam- 
eter, the pressure must be varied to suit the thickness and char- 
acter of concrete so that a specimen will not fail due to bending 
stresses. The resisting moment being a function of the square 
of the thickness of the specimen, 20 lb. per sq. in. pressure on a 
1-in. thickness gives the same bending stress as 80 lb. per sq. in. 
on a 2-in. thickness. 

In the early work of the series the attempt was made to use the 
standard 28-day moist curing at 70° F. for all specimens for test. 
It was found however, that for all the mixes which are within the 
range of commercial practicability, the leakage was so small that 
reliable comparisons could not be made between the different 
variables. In fact, for most mixes tried, it was impossible to 
get any measurable quantity of water through the 2-in. specimens 
even when pressures up to 120 Ib. per sq. in. were used. 

It was necessary, therefore, to adopt a shorter moist curing 
period as a basis of comparison. For most of the tests, specimens 
were cured moist for an initial period of 3 or 7 days which was 
followed by various periods of air curing before submission to 
water pressure. The moist curing was always done at the tem- 
perature of 70° F. and the air curing in a room in which the tem- 
perature was maintained at approximately 70° F. The effect 
_ of different curing periods on the permeability forms an impor- 
tant part of the investigation which will be brought out in 
subsequent paragraphs. 

The fact that most of the specimens were submitted to the 
test at an early age introduced the element of additional curing 
due to the presence of moisture in the specimen while the test 
was in progress. This is also covered in the discussion of the test 


results to follow. 
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GENERAL PHENOMENA OF TESTS 


In all the tests it was found that for those specimens which 
showed leakage the flow reduced as the test continued, the rate 
of change depending upon the quality of the concrete and the 
age of the specimen. 

Fig. 3 shows a typical leakage-time curve for concrete speci- 
mens made from two different cements. Each curve represents 
an average of 3 specimens and the individual plotted points show 
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Fig. 3—TyYpicAL LEAKAGE CURVES FOR CONCRETE SPECIMENS. 


the total flow through the specimen at a given period, beginning 
from the time the test was started at age of 28 days. This diagram 
brings out many of the characteristics of permeability tests, par- 
ticularly the reduction in flow with time. On this point, it will 
be noted that of the entire flow in a period of 7 days, about half 
occurred in the first day. It will be observed also that after about 
the first 3 days the flow continues at a more nearly constant 
rate. 
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In this first part of the investigation there were so many 
conditions for which information was desired that tests of only 
short duration were employed. It can be seen from Fig. 3 that 
unless the test is carried to the point where the rate of leakage 
remains practically constant, it is very important that compari- 
sons of different variables be made at some definite time. In 
many of the tests discussed herein, the comparisons are made 
on the basis of leakage in the first 48 hrs. That such comparisons 
at early periods are entirely justified can be seen from Fig. 4 
where, for example, the variation in leakage with water-cement 
ratio is shown for several different periods. These curves show 
the results from a group of tests plotted to bring out this particu- 
lar feature. It can be seen from this figure that in comparing 
the different water ratios, similar conclusions would be reached 
no matter which of the several periods was used. 

In the illustration used in Fig. 4, another effect of this time 
factor is introduced, that is, the effect of additional curing during . 
the prolongation of the test. The specimens used in the tests of 
Fig. 4 were exposed to the water pressure only 3 days after making 
so that with each succeeding day on the line, the specimen gains 
in watertightness. This point was referred to in the previous 
section and will be discussed further under ‘Effect of Duration 
of Test on Permeability.” 

Another characteristic of the permeability test is its extreme 
sensitiveness. In this respect, it is not at all comparable with 
compression tests where, for example, strengths commonly fall 
within a range of 10 to 20% in a group of specimens. In these 
tests for watertightness, the specimens were small, making the 
factors of placing and curing, which materially affect the permea- 
bility, very important. A very slight honeycomb spot or water 
channel, which would have no appreciable effect on compressive 
strength, can affect the leakage to a very important degree. Dif- 
ferences in temperature of the water and minor variations in pres- 
sure also contributed to the differences in results between individ- 
ual specimens, which sometimes were as much as 50 to 75%. It 
was because of these difficulties that the practice was followed of 
making companion specimens on different days so that error in 
making and testing would be minified. The use of a number of 
tests of a kind is much more important in the case of permea- 
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bility tests than for compression tests. In these tests, from 3 to 
5 specimens of a kind were always made. It will be seen from 
the regularity of the plotted data that the results are, in general, 
very reliable. 

It was frequently observed in the tests in this series that when 
the space between the particles was not completely filled with 
paste, definite leakage in the form of small streams of water was 
detected. Such condition could result either from a general 
deficiency in the quantity of paste or from the failure to properly 
compact the concrete in the form. A similar condition was also 
found in the case of overwet mixes where small channels seemed 
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to have been formed by the excess water rising to the top during 
the period immediately following placing. In these tests, mixes 
in which the paste was insufficient in quantity to thoroughly fill 
the space between aggregate particles were definitely avoided, 
for it was known in advance that they could not be watertight. 
Leakage in the form of pin-like streams, therefore, indicated 
either a wet mix or an incomplete consolidation of the concrete in 
molding. 

The possible differences in permeability resulting from differ- 
ences in placing methods are brought out in the curves of Fig. 5, 
which show the results of tests on specimens molded by rodding 
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in the usual way and similar specimens jigged 10 times on a 
standard flow table with 14-in drops. These results are the 
average of 5 tests of 2-in. discs under a pressure of 80 lb. per 
sq. in. The mix was 1:214:4 and the water-cement ratio 7 gal. 
per sack of cement. The tests were made at 7 days after 3 days 
moist curing and 4 days in dry air. The jigged specimens show 
greater watertightness during the first two days, but thereafter, 
the leakage is about the same. By comparing these data with 
those given in Fig. 4, it can be seen that the difference in leakage 
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between the two methods of placing after 24 hrs. under test is 
comparable with that between 7% and 734 gal. per sack in the 
other series at the same period of test. This comparison is of 
interest only in showing the relative importance of these differ- 
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ences. A direct comparison cannot be made because the age and 
curing condition are not identical. 


EFFECT OF DURATION OF TEST ON PERMEABILITY 


It has been mentioned previously that the leakage decreased 
with the duration of the test. The leakage the first few days was 
much larger than the leakage after 4 or 5 days. Many specimens 
sealed themselves entirely within a rather short period of test. 
To a certain extent this was to have been expected from the con- 
tinued hydration during the early period of moist curing which 
was found to be of extreme importance. The time the specimens 
were under pressure was actually a moist curing period and at 
least part of the decrease in leakage found by increased length of 
test can be accounted for in this manner. 


A clear illustration of the effect of duration of test on the flow 
through the specimen is given in Fig. 6. The specimens in this 
series which represent two different cements and two different 
water-cement ratios were kept under a constant pressure of 80 
Ib. per sq. in. for 7 days, the leakage being measured every 24 
hours. The upper diagram shows the results from specimens 
placed under test at age of 3 days while the lower gives the results 
for specimens 7 days old when tested. The specimens were all 
cured moist at 70° F. until the day the test was started. The 
curves show a very good uniformity in the leakage from day to 
day. The leakage decreased very rapidly the first 3 to 4 days of 
test and then approached a more nearly constant decrease. 
This was especially true for specimens with high initial leakage. 
Specimens leaking only slightly at the beginning of the test 
showed a more uniform decrease throughout the duration of test. 

Fig. 7 shows leakage curves for a relatively long test. The 
specimens were 6 by 2-in. concrete discs tested at 80 lb. per sq. in. 
for 25 days. The age at the beginning of the test was 28 days; 
curing was 7 days moist: and 21 days in air, all at approxi- 
mately 70° F. The curves for the fairly permeable concrete 
show a sharp decline in leakage for the first few days of test while 
those for the only slightly permeable concrete show a gradual 
decrease until entirely sealed. 

In order to study the phenomenon of duration of test further, 
Fig. 8 is presented. In these tests two specimens for each water- 
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cement ratio were made from a single batch of concrete. They 
were cured moist at 70° F. until day of test. One specimen was 
placed under test at the age of 3 days and the companion speci- 
men,at 7 days. The duration of test was in both cases 7 days. The 
plotted points represent the average of 3 specimens which were 
made on 3 different days. 

If the decrease in leakage with duration of test were due entirely 
to greater length of moist curing, the first day’s leakage of the 
7-day specimens would be equal to the 4th day’s leakage of the 
3-day specimens. This is seen not to be the case. The 7-day 
specimens showed a considerably higher leakage the first few days 
of test than did the 3-day specimens which were of the same age 
but were longer under test. After about 3 days under test, how- 
ever, the leakage of the 7-day specimens approached very closely 
the leakage of the 3-day specimens for the corresponding total 
age. This seems to indicate that the decrease in leakage with 
time was not due entirely to the effect of additional moist 
curing, but partly to the filling of the pores with silt or other 
impurities in the water, or in some other manner. 

In a few tests distilled water was used instead of the ordinary 
city supply water. On account of the oxidation of the steel 
equipment resulting from contact with the air used for producing 
the pressure, the distilled water very soon became impure. The 
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results from these tests, therefore, were quite inconclusive as 
they showed no large difference between distilled water and that 
from the ordinary city supply. 

In order to get rid of some of the silt and other impurities in 
the water, a filtration and settling system was installed between 
the city supply and the system of permeability apparatus. The 
amount of iron oxide formed inside the pipes and lines in the 
permeability apparatus was not eliminated by this procedure, so 
very little improvement was obtained by the use of the filter. It 
was noted that specimens which had been subjected to test for a 
long period showed a coating of iron oxide and other impurities 
on the top surface indicating that a considerable amount of 
sealing might have taken place in the specimens during the period 
of test. If filtering is to be required, the filters should be placed 
in each unit so that impurities are removed just before the water 
comes in contact with the specimens. Some further tests are 
planned to study this sealing effect, also to compare the action 
of acid and alkaline waters of different concentrations. In these 
it will be necessary to control the impurities in the water. The 
city water contains some bicarbonate which is converted to 
calcium carbonate on contact with the concrete. A precipita- 
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tion of calcium carbonate within the pores was doubtless responsi- 
ible for some of the sealing effect. 


A decrease in leakage with duration of test was also found for 
specimens cured in air for a long time before test. This decrease 
was, however, not quite so large as that found at earlier ages. This 
is shown in Fig. 9 where the similarity of the curves for the tests 
at the different periods indicates that no fundamental difference 
exists. The heavy curves in this figure represent specimens con- 
taining Cement B, while the light curves represent the leakage of 
identical specimens made from Cement A. The curves indicate 
that the 177 days of air curing following the 3 days moist curing 
did not change the resistance of the specimens materially, 
neither in the total leakage nor in the rate of change with dura- 
tion of the test. 


Aside from the interesting comparison just made with respect 
to the curves in Fig. 9, the data are of interest also in reference 
to the effect of air curing on permeability. In fact, the really 
significant conclusion to be drawn from these data is that 177 
days additional age in air has added nothing to the watertight- 
ness of this concrete. The importance of this will be further 
brought out in the discussion of curing. 
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EFFECT OF WATER-CEMENT RATIO 


In the general analysis of the resistance of concrete to the 
penetration of water, in a preceding article, the three factors 
which determine the quality of the hardened cement-water 
paste were given as follows: 

(a) The characteristics of the cement 
(b) The proportion of cement and water—i. e., water- 
cement ratio 
_(c) The extent to which the chemical combination of 
cement and water has progressed, i. e., curing. 

These three factors formed the principal subjects of inquiry 
in this first series of tests because it was recognized that in the 
last analysis the c uality of the paste must be the essential element 
through which watertightness is controlled. The other factors, 
the permeability of the aggregates, and the manner of placing to 
obtain a mass free from honeycomb, water channels, or air voids, 
are so obvious in their effect that their consideration has been 
deferred to a later part of the investigation. 

Because of the fundamental nature of the three factors, char- 
acter of the cement, water-cement ratio, and curing, they cannot 
be wholly separated; in fact, in the data presented so far (Fig. 3 
to 9) each has received incidental attention. In this and the two 
succeeding sections, however, the data will be studied with 
particular reference to these factors. 

The primary influence of the water-cement ratio on the per- 
meability of concrete and mortar is brought out very clearly by 
the data in Fig. 10 and 11. The former shows some typical 
water-cement ratio-leakage curves for concrete and the latter, 
similar curves for mortar. In both of these groups of tests two 
cements were used and different curing periods employed. 

Owing to the difference in thickness of discs, the tests were 
carried out at different pressures. 

In the concrete tests of Fig. 10, the specimens were 2 6 by 2-in. 
‘discs tested under a pressure of 80 lb. per sq. in. The tests on 
one set of the specimens were started at age of 3 days, while the 
tests on another set started at 7 days, the specimens all having 
been moist cured at 70° F. until test. The leakage shown is the 
average in cc. per hr. per sq. ft. of area for the total time of test 
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Fig. 1O—EFrFrEcT OF WATER-CEMENT RATIO ON PERMEABILITY OF 
CONCRETE. 


which, in this case, was 7 days. The leakage, of course, varied 
with the time under test as pointed out in the discussion of Fig. 3, 
4, 6, and 7. In the lower diagram this leakage is expressed in 
terms of the unit area of the concrete. In the upper diagram, this 
has been reduced to the ecuivalent leakage per square foot of 
paste. This reduction is accomplished by dividing the leakage per 
unit area of concrete by the percentage of paste volume in the 
concrete. This assumes that the paste is uniformly distributed 
throughout the mass so that on any section the area of paste 
bears the same relation to the total area as the paste volume does 
to the total volume. 


It will be noted in Fig. 10 that the leakage increased very 
rapidly with increase in the water-cement ratio and at an increas- 
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ing rate as the water-cement ratio became larger. For example, 
the increase caused by raising the water-cement ratio from 8 to 
9 gal. was larger than that caused by raising the water-cement 
ratio from 7 to 8 gal. It was also seen that the leakage of speci- 
mens tested at 3 days was considerably larger than for specimens 
tested at 7 days. This will be discussed in the next section. The 
similarity of all curves shows the consistent relation between the 
water-cement ratio and leakage for different cements as well as 
for different ages. 


For a direct comparison between different mixtures of the 
effect of water-cement ratio on the watertightness of the paste, 
the basis used in the upper diagram of Fig. 10 is the more exact, 
for it takes into account the relative quantity of the paste. For 
two mixes with exactly the same quality of paste, the leakage per 
unit area of concrete would not be exactly the same unless the 
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paste volumes were also the same. The paste volume or quantity 
of paste is a function of the aggregate proportions, grading, and 
consistency. In the tests forming the basis of Fig. 10 two 
different consistencies were used for each of the three mixes— 
1:2:3, 1:2144:4, and 1:214:5, to obtain the several water-cement 
ratios. This corresponded to a variation in paste volumes from 
22.5% to 28.8%. The points on the upper curve were obtained 
by dividing the leakages shown in the lower diagram by the 
percentages representing the paste volumes. 

It will be seen that the curves in the upper diagram are very 
similar to those in the lower diagram so that the effect of varying 
the quantity of mixing water can be determined equally well from 
either set. This is because the range in paste volumes is quite 
narrow and varies systematically for this group of mixes. In 
comparing mixes of widely different character, as for example, 
mortar and concrete, a better comparison might be made on 
the basis of paste area instead of total area. Because the paste 
volumes do not cover a wide range in most of the groups of 
tests in this study, the practice of presenting the data in terms of 
the unit area of the concrete has been followed generally in this 
report. Some further consideration of this subject is given in 
the section “Effect of Direction of Pressure and Amount of 
Paste.” 


In the mortar tests shown in Fig. 11 the specimens were 6 by 
1-in. dises, tested under a pressure of 20 lb. per sq. in. The tests 
in this case were all started when the specimens were 28 days old. 
The specimens, however, were subjected to different periods of 
moist curing during this period. The tests were continued for a 
period of 3 days only, and the leakage shown in Fig. 11 is the 
average in cc. per hr. per sq. ft. for this period. It will be noted 
that the curves for the mortar specimens are similar in all respects 
to those for the concrete specimens in Fig. 10. The leakage, 
however, for any given water ratio for the two sets of tests cannot 
be directly compared because of the differences in curing, thick- 
ness of specimen, and pressure employed. The purpose of this 
study primarily was to bring out the effect on the leakage of 
changing the water-cement ratio. It is only by carrying the 
tests through a considerable range of curing conditions, size of 
specimen, and pressure, and by using different cements that the 
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primary effect of the water-cement ratio on the watertightness 
can be established. That this primary effect is established can 
be seen from a study of the curves in Fig. 10 and 11 which clearly 
show how changes in the quality of paste brought about by 
changes in the proportion of water to cement affect the leakage 
of the concrete or mortar in a regular and systematic manner. 


EFFECT OF CURING AND AGE 


The important effect of the length of moist curing and age of 
specimens on the leakage has already been brought out in the 
discussion of the preceding section. For example, in Fig. 10 
the average leakage through a specimen, which was placed under 
test at 3 days, was several times as great as that through a similar 
specimen that had been allowed to cure 7 days before being placed 
under pressure. Also, in Fig. 11, for specimens placed under test 
at 28 days, a very decided improvement in watertightness was 
shown for the specimens cured 7 days moist as compared with 
those cured only 3 days moist, and a far greater advantage for 
those cured the entire time in a moist atmosphere. 


In Fig. 12 the data used in plotting Fig. 11 are replotted to 
bring out more prominently the effect of length of moist curing. 
In this figure separate curves representing the variation in 
leakage with number of days in the moist room are shown for 
each water ratio and each of the two cements. All the specimens 
in this group being the same age (28 days) at the time they were 
placed under pressure, the difference in leakage indicated is due 
entirely to the effect of the additional hydration resulting from 
the extra time in the moist room. Aside from the differences 
shown by the two cements, which will be discussed in the following 
section, the interesting feature of this set of curves is the great 
similarity between the curves for the different ¢,uantities of mixing 
water. As pointed out in the discussion of the water-cement ratio, 
the watertightness of the concrete is primarily a function of the 
quality of the paste as indicated by the proportion of water to 
cement and extent to which hydration is carried out. These two 
factors act independently of each other. That is, increased 
watertightness can be obtained either by additional curing, 
regardless of the quantity of mixing water used, or for any given 
curing condition by reducing the quantity of mixing water. 
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Fic. 12— EFFECT OF DURATION OF MOIST CURING ON PERMEABILITY 
OF MORTARS. 


In Fig. 138 and 14, two other groups of tests are shown in 
which the effects of age and continued moist curing are also 
brought out quite sharply. Fig. 13 is based on mortar tests on 
l-in. dises tested under a pressure of 20 lb. per sq. in., and Fig. 
14 on concrete discs 2 in. thick tested under 40 lb. per sq. in. 
In both cases the specimens were under test for a period of 48 
hr. and the leakage shown is the average for the period in ce. per 
hr. per sq. ft. 


As pointed out in an earlier section, it was found necessary to 
test the specimens in this investigation at early ages, because, 
with the mixes ordinarily used in concrete practice, it was found 
that specimens were so nearly watertight if cured for the more 
usual period of 28 days that no important results could be 
obtained from the tests. When tested at the early age, the effect 
of continued moist curing in increasing the watertightness tends 
to reduce the leakage with duration of the tests more rapidly 
than would be the case if the specimens had been tested at the 
advanced period. This has been brought out in the discussion 
of Fig. 8 and must be kept in mind in a study of Fig. 13 and 14. 


‘ 
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presented the results of tests on mortars of 3 different water- 
cement ratios, a separate curve being shown for each mortar. 
In these tests, three separate specimens were made from a single 
batch which were cured in the moist room at 70° F. until day of 
test. For the 5.6-gal. mixture, one specimen from each batch was 
tested at one day, one specimen at 3 days, and the third at 7 
days. <A similar procedure was followed with the other two 
mortars except that the specimens were cured longer before test 
owing to their lower strength. In all cases three specimens of a 
kind were made upon which the average leakages shown are 
based. The tests in each case were conducted for 48 hr. under a 
pressure of 20 lb. per sq. in. 


In this figure the importance of the water-cement ratio as a 
primary factor in the watertightness of the mix is indicated by 
the regularity of the curves for the 3 separate mixes. The effect 
of the longer period of moist curing is clearly shown by the 
uniform reduction in leakage with each increase in the curing 
period. The significance of this increase in watertightness with 
the period of moist curing can be seen by comparing the time 
required to produce a given watertightness with the various 
mixtures. For example, in the richer mix, a curing period of 
3 days in the moist room gave a leakage of 200 cc. per hr. per 
sq. ft. With the two leaner mixes the same watertightness was 
obtained by increasing the moist curing period to 11 and 22 days, 
respectively. In these, as in all the tests reported in this paper, 
all curing was done at approximately 70° F. Tests of strength 
have shown that lower temperatures produce lower strengths. 
It is to be expected therefore that lower temperatures would also 
result in lower resistance to the penetration of water, for a given 
length of curing. 


The curves in Fig. 14 for concrete discs are generally similar to 
those for the mortar discs in Fig. 13, indicating a like rapid 
increase in watertightness with continued moist curing and a 
similar relation for different quantities of mixing water. 

The very important effect of continued moist curing on the 
watertightness as brought out in Fig. 13 and 14 was the most 
significant feature of this entire investigation. Before the tests 
were started, it was recognized that the building up of the internal 
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Fig. 15—EFFECT OF DURATION OF AIR CURING ON PERMEABILITY 
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structure of concrete through increased hydration must have a 
major influence on the resistance to the passage of water, and 
such tests as were available supported this belief. But results 
such as have been pointed out were hardly expected. 

The almost negative value of extended curing in the ordinary 
air of the laboratory was also quite surprising. This was brought 
out from the tests recorded in Fig. 15 which show the water 
ratio-leakage curves for 2 groups of specimens cured, respectively, 
3 and 7 days in the moist air and at varying lengths of time in the 
ordinary air of the laboratory. Periods of dry air curing were 
4, 25, and 177 days, giving ages at test of 7, 28, and 180 days. 
It will be seen. that except for minor differences in the case of 
the 28-day tests for the 3 days moist curing, specimens of each 
group gave substantially the same leakage for the same water 
ratio. In other words, the 180-day specimens cured only 3 days 
in the moist air gave no higher resistance to the penetration of 
water than the 7-day specimens also cured for the first 3 days in 
moist air. Similarly, with tests for 7 days moist curing, no 
advantage in watertightness was shown for the extra 173 days or 
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21 days air curing. This is the more remarkable when it is 
compared with the data in Fig. 12 where it is shown that a very 
pronounced increase in watertightness results from a few addi- 
tional days of moist air curing. 


The higher leakage shown in Fig. 15 for the tests of specimens 
cured 3 days moist and 21 days in air, in comparison with 7 and 
180-day tests in the same group, seems to be significant only of the 
sensitive character of the permeability tests. That this is true is 
indicated by the fact that if the readings for 3 out of more than 
80 specimens, represented by this figure, be discarded, the curves 
for the three ages in the upper group would be in even more 
perfect agreement than the three curves in the lower group. 
This subject was touched upon in the discussion of the general 
phenomena of tests where the need for a large number of speci- 
mens for tests of this kind was pointed out. 

In the light of the data in Fig. 15 it must be concluded that for 
the conditions of these tests, the hydration practically ceased 
upon removal of the specimens from the moist room. Such com- 
plete cessation of hydration upon removal of specimens from the 
moist room has pot been found in the case of other forms of test 
as there is usually some increase in quality at least for a short 
time. An explanation in this case is probably found in the thick- 
ness of the specimens (1 in.), and in the humidity conditions of 
the laboratory air. The relative humidity in the room where 
these specimens were stored was usually between 50 and 60%, a 
condition which would be conducive to the rapid drying out of 
specimens only | in. thick. Some further tests are now under way 
in which the effect of air curing will be studied over a wide range 
of size of specimen and method of curing. 


CHARACTERISTICS OF CEMENT 


Studies of compressive strength and other properties of mortar 
and concrete have shown that all cements do not gain their 
strength at the same rate. Such differences as exist are more 
marked at the early ages than for the later period. In view of 
the importance of the early curing on the watertightness, which 
has just been brought out, it may be expected, therefore, that 
the permeability of concretes made from different cements would 
also differ at the early ages. In the data which have been pre- 
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Fic. 16—STRENGTH AND PERMEABILITY OF CONCRETE MADE FROM 
DIFFERENT CEMENTS. 


sented, separate curves for different cements have been given 
for several of the groups of tests. These have all shown some 
differences in leakage during the early period although the 
differences are not peperany in comparison with those due to 
the other factors. 

This variation in early watertightness between concretes from 
different cements is illustrated further by the data in Fig. 16 
where the results of tests at 7 days for 8 different cements are 
compared, both as to permeability and compressive strength. 
These 8 cements were selected to give concretes of a very wide 
range in early compressive strength. They include the customary 
laboratory cement, a mixture of 4 brands, several individual 
brands of portland cement and one of the special high early 
strength portland cements now on the market. The range in 
early strength for this group is very much wider than would be 
encountered ordinarily among portland cements. The purpose 
of this group of tests was to see how closely the development of 
watertightness parallels the development of compressive strength. 

The permeability specimens on which tests were made were 6 
by 2-in. discs of concrete; mix, 1:2.4:3.6 (dry compact volumes) 
using a water ratio of 6 gal. per sack. The specimens were cured 
moist for 3 days and then in air of the laboratory until tested at 
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CONCRETE MADE FROM DIFFERENT CEMENTS. 


the age of 7 days. Tests were continued for 2 days under a 
pressure of 80 lb. per sq. in. Companion compression specimens 
were given the same curing and also tested at the age of 7 days. 
Fig. 16 shows the results of these tests—compressive strength in 
lb. per sq. in. and the average leakage in cc. per hr. per sq. ft. 
for the 48 hr. under test. 

It will be noted in Fig. 16 that in every case a cement which 
showed a high degree of watertightness at 7 days also showed a 
high 7-day compressive strength. In Fig. 17 these same data 
have been plotted, compressive strength against average leakage. 
This shows a very consistent relation between the 7-day strength 
of concrete and the leakage after 3 days moist and 4 days dry 
curing. The fact that these results are for the early ages must 
be kept in mind in this comparison. Other studies have shown 
that regardless of the differences between cements at the early 
ages, there is a general tendency for the strengths to approach 
each other at the later periods. In the two days under test, 
these cements all showed a rapid increase in watertightness, due 
in part to the improvement from continued curing. The same 
tendency was shown in Fig. 6 where the concrete made from the 
two different cements approached complete watertightness as the 
test was continued. Likewise the data in Fig. 7 and 9 also show 
the leakage in concrete from different cements to approach zero 
as the specimens continue under test. 

While these data are somewhat limited they do indicate that 
the development of watertightness in the early period follows the 
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same general tendency as the development of early strength. 
In view of the rapid increase in watertightness with increased 
length of moist curing, the early differences in watertightness 
seem to be of less practical significance than differences in early 
strength. 


THE EFFECT OF DIRECTION OF PRESSURE AND AMOUNT OF PASTE 


In using the molded dise specimens the question arose as to 
the possible effect of molding in different positions. A small 
group of tests was made to study this factor. The results of 
these are shown in Table 1. For these tests two concrete mixes 
and two mortar mixes were used, 5 specimens of each being pre- 
pared by molding horizontally and 5 by molding vertically. The 
specimens were cured 3 days in the moist room and then removed 
to the air of the Laboratory where they remained until tested at 
the age of 7 days. Tests were made at a pressure of 80 Ib. per 
sq. in. which was continued for a period of 2 days. The leakage 
shown in the table is the average leakage in cc. per hr. per sq. ft. 
for 48 hr. The individual results for the 5 specimens of a kind as 
well as the average of the 5 are shown. 


; TABLE I 
Vertically Molded Specimens |Horizontally Molded Speci- 
mens 
Average Leakage Average Leakage 

cc. per hr. per sq. ft. ec. per hr. per sq. ft. 

Gal. per Sack... 6 7 7 8 6 i 7 8 
Mixa es a oe de Deol oc) eelicoul econ 2S e2s 4 | Sh leas 
—*| —¥*! 299.0)1715.0f| 90.5} 169.0] 79.4] 397.0 
PAO FAS) 149.2 14.5} 131.8} 120.0} 278.0 
53.7] 107.5) 125.5) 217.0 | 64.5] 28.7| 37.6) 222.0 
17.2| 79.0} 21.4] 630.0 6.1] 43.0) 301.0} 724.0 
66.1] 193.0} 178.4] 414.0 | 105.2} —T| 105.0) 378.0 
Average........ 39.5) 101.7) 156.1) 852.6 | 56.2 | 128.6] 399.8 

*Broke through pressure. {Hole through specimen. 


In making the horizontally molded specimens the same pro- 
cedure was followed as in the other tests of the series. The form 
consisted of a 6-in. galvanized iron ring 2 in. in depth. This was 
placed directly on an oiled metal slab, the concrete placed in the 
open end, and trowelled off. The specimens were covered for a 
period of 24 hr. with moist burlap. The forms were then removed 
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and the specimens placed in the moist room. Before test the top 
and bettom surfaces were ground off and brushed to a depth of 
about is in. to remove the thin cement film which always forms 
in contact with the form and on the finished surface. 

For the vertically molded specimens a similar form was used 
which was held rigidly in a vertical position between two oiled 
steel plates. An opening was cut in the metal ring through which 
the concrete or mortar was placed. This was placed in thin 
layers and puddled in the usual manner with a bullet-pointed rod. 
These specimens were cured in the same way and given the same 
treatment before test as those molded horizontally. 

A study of the table shows very little difference in the average 
leakage between the vertically and horizontally molded speci- 
mens. These differences, it will be seen, are less than the differ- 
ences between individual readings among the 5 specimens of each 
group. 

Other tests have been reported in which greater differences 
between the two methods of molding have been noted. Obviously, 
such differences must arise from the method of distribution of 
the paste throughout the mass. In these tests, an effort was 
made to eliminate these variations by the selection of a consist- 
ency that would avoid air or honeycomb pockets on the one 
hand and water channels due to excess water on the other. By 
using mixes with a slight excess of sand and a consistency repre- 
sented by a slump from 4 to 6 in., this desirable placing condition 
was obtained as is shown by the fair degree of uniformity already 
pointed out. 


An interesting feature of this group of tests is the comparison 
between the 1:3 mortar mix and the 1:214:4 concrete mix, both 
using 7 gal. water per sack cement. It will be noted that the 
mortar shows consistently higher leakage for both methods of 
molding. The ratio of the leakage through the mortar to that 
through the concrete is 1.54 for the vertically molded specimens 
and 1.38 for the horizontally molded specimens. Calculations 
of the amount of paste in these two specimens for the 7-gal. 
water ratio shows that the mortar has 40.7% paste and the con- 
crete 24.5%. This gives a ratio of paste in the mortar to that in 
the concrete of 1:66. For exactly the same quality of paste it 
would be expected, therefore, that the mortar specimens would 
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show a leakage of 66% greater than the concrete for the same 
total area exposed to test. This is somewhat greater than the 
54% and 38% difference in leakage indicated above. The 
discrepancy, however, is not great and considering the fact which 
has been referred to several times that permeability tests are 
very sensitive to small differences, the data may be considered as 
quite consistent. 


A further study of the effect of the quantity of paste on the 
leakage through concrete and mortar is afforded by the data 
in Table 2, which show a group of tests in which the water-cement 
ratio was held-constant, but the quantity of paste varied. The 
specimens for these tests (6 by 2-in. discs) were given 3 days 
moist air curing before placing under the water pressure of 
80 lb. per sq. in. While these tests were made primarily to 
study the effect of quantity of paste, certain other features were 
developed which are of interest in this connection. These are 
brought out from a study of the table. 


TABLE II 
EFFECT OF AMOUNT OF PASTE ON PERMEABILITY OF CONCRETE 


Average Leakage for 2 Days 
Mix by Water- Percent ce. per Sq. Ft. of 

Corrected | Cement | Slump] Paste 
Volumes Ratio Inve bya Vol, 


eal Concrete Paste 
per Sack A B C IDY |) Ave) Ae 
1:3% 8.0 4-6 Om 460 |1200 | 404 | 750 |704. |1800 
IEESIEA) 8.0 4-6 Sle 270 | 272 | 257 | 166 |241 765 
1:244:4 8.0 4-6 26.3 DBD |) OPH! 99 | 136 |172 655 
1:214:6* 8.0 0 Pie AAS 2 3mielOo 50 | 81 375 


*Harsh and stiff, jigged into molds. 


The mixes used show a range in paste volume from 21.5% to 
39.1%. To get this range with a constant water-cement ratio 
required at one extreme, a very harsh stiff mix which could not 
be placed except by the aid of mechanical means, and at the other 
extreme, a mortar mix which segregated badly allowing water to 
collect at the surface. These extremes introduced the element 
of placing in the test. This shows up in the higher leakages for 
the first mix and the lower leakages for the last mix in the table, 
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also in the greater variation between individual specimens for 
these two mixes. 

Referring to the effect of quantity of paste, this is brought out 
by the averages in the last two columns. When expressed in 
terms of the gross area of the concrete, the leakage per unit area 
falls off rapidly with the decrease in the proportion of paste. 
When expressed in terms of the net paste area, however, it is 
seen that the leakage is more nearly the same for the four mixes. 
The discrepancies in the case of the first and last mixes are, of 
course, ¢uite important but seem to be accounted for by condi- 
tions that developed in placing. 


EFFECT OF ADMIXTURES ON PERMEABILITY 


The effect of a number of different kinds of admixtures on 
the permeability of concrete has been studied in two different 
series of tests. These studies have not been completed, but 
numerous data have been collected which will be of interest here. 

The first study of the admixtures included three different 
concrete mixes—1:114:3, 1:2:4, and 1:214:5—each containing 
two percentages of admixtures, but having about equal con- 
sistency as measured by the slump cone. The slump was main- 
tained at 3 to 6 in. throughout the series. The admixtures used 
in this series were purchased in the open market and are identified 
as follows: 

Admixture No. 1 purchased 7-27-25 as Celite 
Admixture No. 2 purchased 3-29-27 as Pumicite 
Admixture No. 3 purchased 8-10-27 as Hydrated Lime 
Admixture No. 4 purchased 7-5-28 as Soapstone 

The permeability specimens were 6 by 2-in. discs containing 
aggregate of 114-in. maximum size. They were cured 7 days in 
the moist room and then removed to the air of the laboratory 
until tested at the age of 28 days. The specimens were tested 
under a water pressure of 80 lb. per sq. in. for 2 days, after the 
surfaces had been ground and brushed to remove the coat of 
cement. The results obtained are plotted in Fig. 18, the ordinates 
representing the average leakage for 48 hr. in cc. per hr. per sq. ft., 
and the abscissas representing, to no scale, the three mixes used. 

The percentage of admixture used was selected to exceed 
shghtly the range ordinarily used. In the case where portland 
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cement was used as an admixture, the percentages were chosen 
to give about the same cost as for admixture No. 1. Expressed 
as a percentage by weight of the cement, the amounts of admix- 
tures were 214 and 5% for No. 1, 10 and 20% for No..2, 5 and 
10% for No. 3, 10 and 20% for No. 4, and 74% and 15% for port- 
land cement used as an admixture. 


In order to maintain constant slumps when adding admixtures, 
it was necessary in most cases to increase the amount of mixing 
water. While the extra water added for No. 3 and 4, and for 
portland cement was slight, No. 2 required a considerable 
increase, and No. 1 a still greater increase in the water-cement 
ratio over that used in the concrete without admixture. An 
addition of 5% of No. 1 raised the water-cement ratio about 1 
gal. per sack. 


The principal results of these tests are shown in the 5 separate 
diagrams of Fig. 18, representing the results from admixtures 
No. 1 to 4 and portland cement as an admixture. On each 
diagram, the leakage curve for concrete without admixture is 
repeated. This makes it easy to compare the results of the various 
admixtures. In studying this diagram it must be kept in mind 
that the mixes were of constant consistency (slump 8 to 6 in.). 


The two features of importance in this set of diagrams are the 
general similarity of all the leakage curves and the relative leak- 
age of the concretes with and without admixture. In practically 
all cases, the 1:114:3 mixtures show substantially no leakage, 
while for the other two mixtures there is a considerable increase 
which is greater for the leaner mixture. This, of course, is just 
another way of bringing out the relation between leakage and 
quantity of mixing water, for the leaner mixes require higher 
water contents to maintain constant consistency. 


It will be noted that in the diagrams for admixtures 1, 2, and 
4, the leakage curves lie slightly above that for plain concrete, 
while in the remaining two diagrams the concrete specimens with 
no admixture show slightly greater leakage. It was pointed out 
above that in order to maintain a constant consistency the con- 
crete containing No. 1 and 2 required considerably more water 
than the concrete without admixture, while that for No. 3 and 
4 required practically no additions. The slightly greater leakage 
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Fig. 19—EFrrect OF ADMIXTURES ON PERMEABILITY OF CONCRETE. 
Fig. 20—RESULTS OF FREEZING AND THAWING TESTS. 


shown in the two upper diagrams of Fig. 18 seems, therefore, to 
be the direct result: of extra water added to maintain the same 
consistency as in the concrete without admixture. In the dia- 
gram for admixture No. 4, the very slight amount of extra water 
needed is reflected in the very slight increase in leakage. In the 
case of No. 3, there seems to be a slight improvement in water- 
tightness. For those mixes where small percentages of portland 
cement are added as an admixture there is a distinct improve- 
ment. In the case of the portland cement additions. very little 
extra water was required to maintain workability. 
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In Fig. 19 are given the data from the second series of tests, 
in which two mixes—1:2:4 and 1:2144:5—were used each in two 
consistencies and with two different moist curing periods. The 
admixtures used in this series were purchased in the open market 
and are identified as follows: 


Admixture No. 5 purchased 1-24-29 as Celite 
Admixture No. 6 purchased 1-24-29 as Pumicite 
Admixture No. 7 purchased 1-24-29 as Hydrated Lime 


The results in Fig. 19 are plotted in a somewhat different form 
which brings out even more clearly. than Fig. 18 the effect of 
the admixtures. In this figure, the two upper diagrams are for 
the 1:2:4 mixes and the two lower ones for the 1:24%:5 mixes. In 
each pair, the diagram at the left represents specimens cured 3 
days in the moist room and 25 days in ordinary air, and the 
diagram at the right, 7 days in the moist room and 21 days in 
air. In this figure the points representing identical conditions 
for the different admixtures have been connected so that for any 
given condition the difference in leakage for the different admix- 
tures can be easily studied. Thus, in each diagram there are 
curves to represent the two percentages of admixtures and two 
consistencies. The high and low percentages in each case are 
in accordance with the following table: 


Percentage Admixture 
by 
Weight No. 5 No. 6 | No. 7 
Low 2% 10 5 
High 5 | 20 | 10 


At the extreme left of each diagram the leakage for the identical 
mix without admixture is shown. Naturally, the curves for both 
high and low percentages start at this same point. The com- 
parison between the concretes with and without admixtures can 
be seen rather clearly in these diagrams. Just as pointed out in 
the discussion of Fig. 18 for admixture No. 1, there is some slight 
increase in leakage for the use of No. 5 which seems to reflect 
the effect of additional water recuired to maintain constant 
consistency. The same is true of No. 6, except in the case of one 
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or two points which indicate a slight advantage in watertightness. 
In the case of No. 7 a slight advantage is shown as was also found 
for No. 3 in the tests of Fig. 18. It is important to note that the 
irregularity in the position of the curves for the two percentages 
of admixture is an indication of the sensitive character of the 
permeability test. The difference between individual specimens 
of a kind is sometimes greater than the difference indicated on the 
diagram for the different admixtures or percentages. It is of 
interest also that both the irregularity for a given set of curves and 
the differences shown by the different admixtures are reduced by 
the longer curing. 


In studying these data, the slight difference in leakage between 
the concretes containing various admixtures, and without admix- 
tures, must not be given too great emphasis. In comparison 
with the differences resulting from changes in the much more 
significant factors of consistency and curing, or from improper 
placing, they are quite unimpressive. For example, the improve- 
ment resulting from a change in water content that reduces the 
slump from 6 to 3 in. is somewhat greater than that possible from 
the most favorable combination of admixture, and very much 
greater than from the other combinations. In addition, such a 
change in water content will be accompanied by a decided 
increase in strength. Likewise, the increase in watertightness due 
to increasing the moist curing period from 3 to 7 days is con- 
siderably greater than for the most favorable combination of 
admixture and in this case also the improvement would be 
accompanied by a positive improvement in strength. 


It would seem from the foregoing that if admixtures are to be 
particularly useful in the production of watertightness in con- 
crete, it must be through their effect on the placeability. As 
has been pointed out elsewhere, the greatest source of leakage in 
concrete structures is through defects in placing. These defects 
are generally of two kinds, those due either to overwet mixes or 
to mixes that are too dry. In the former, there is a wet segrega- 
tion, water, fine material, and laitance rise to the surface pro- 
ducing an extremely porous layer. In the latter, there is a dry 
segregation and tendency to honeycomb which may leave open 
channels for the passage of water. These conditions can be 
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overcome only by selection of proper aggregate proportions and 
consistencies and care in placing. The conerete must be such 
that it will readily fill the form and incorporate the reinforcement, 
and at the same time maintain such plasticity and cohesiveness 
that segregation will not take place. It is recognized that under 
certain conditions some of the admixtures may be helpful in 
producing this desirable consistency and to this extent aid in 
the production of watertight concrete through elimination of 
placing defects. In their use, of course, the other necessary 
qualities must be maintained and such use must be justifiable 
economically. 
FREEZING AND THAWING TESTS 


Parallel with the permeability tests, studies have been carried 
out to determine the factors affecting the resistance of concrete 
to freezing. The results of one group of these tests are included 
here which seem to be of special interest as they confirm and 
illuminate some of the permeability data. It is recognized that 
the freezing and thawing as carried out in these tests is, undoubt- 


Some Permeability Studies of Concrete 139 


edly, a much more severe condition than the exposure usually 
encountered. It is a fair basis, however, for comparisons similar 
to that made here. 

Fig. 20 shows the photograph of 24 6-in. cubes taken after 
exposure to 70 cycles of freezing and thawing. The cubes were 
cut from beams of 1:2:4 concrete made up in two water ratios, 
71% and 9 gal. per sack. The lower water ratio gave a slump from 
6 to 7 in. while 9 gal. per sack gave such extremely wet mixes 
that no effort was made to measure the slump. The specimens 
were cured in the moist room at 70° F. for 28 days before being 
subjected to the freezing and thawing tests. During the entire 
period of freezing and thawing, the specimens were kept in a sat- 
urated condition. It will be seen that some of the cubes of the 
wetter mixture are badly disintegrated, while those of lower water 
ratio are still in excellent condition. The few defects which 
have developed in the specimens of this better consistency are 
almost entirely at the corners and edges. The faces of these cubes 
show very few defects at the end of this severe treatment, and 
those that do show are principally due to aggregate failure. 

Half the specimens of each group shown in Fig. 20 were tested 
in compression after the picture was taken. The age at test was 
13 mo., the 70 cycles having required about 12 mo. to complete. 
The results of the compression tests are shown in the following 
table. 


Water Weight of | Compressive Strength 
Specimen | Ratio Specimen Lb. per Sq. In. 
Gal. Gross Area 
5-1 7% 20.3 5700 
z 74% 18.2 6100 
3 7% 20.2 4960 
4 74% 19.7 5250 
5 74% 19.6 5200 
6 74 18.2 4950 
Av. 19.4 5360 
6-1 9 17.6 2680 
2 9 16.7 1490 
3 9 15.0 1190 
4 9 14.9 960 
A 5 9 19.7 3080 
6 9 18.5 2520 
PAnyeee li diel 1990 
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The data are of particular interest when compared with the 
strengths shown at 28 days by companion specimens in the form 
of standard 6 by 12-in. cylinders. The cylinder tests showed a 
compressive strength of 2420 lb. per sq. in. for the 714-gal. mix, 
and 1280 lb. for the 9-gal. mix which is equivalent to 2840 and 
1500 lb. per sq. in., respectively, on the basis of cube specimens. 
Comparison of these values with those in the table, shows that 
the 12-mo. freezing and thawing tests have increased the strength 
of the 714-gal. mix by 90% which is about the normal increase in 
strength due to moist curing at 70° F. It is interesting to 
note also that there is a fair degree of uniformity between the 
6 specimens of this group, showing that the effect of the 70 cycles 
has not begun to show on any of the specimens. 


In the case of the 9-gal. mix, the great variation between the 
compressive strengths of the 6 specimens will be noted. This is 
to be expected from an examination of the picture which shows 
that some of the specimens have been more seriously affected than 
others. In this case, the effect of additional curing, however, is 
still very pronounced, for only 3 specimens of the group actually 
fall below the original 28-day strength (on the basis of cubes) of 
1500 lb. per sq. in. It is to be pointed out that the strengths given 
in the table are based on the gross area of 36 sq. in. of the cube. 
If it were possible to estimate accurately the net area at the 
section of failure the specimens would, undoubtedly, show unit 
strengths much greater than the original value and probably a 
greater uniformity. 

SUMMARY 


This investigation has developed a method of making permea- 
bility tests that is quickly and easily made and which gives results 
in terms of water actually passing through the concrete. The 
data obtained have been very consistent and give every indica- 
tion of being reliable. 


The studies have shown that the permeability test is very 
sensitive. Minor defects in concrete that would make no appre- 
ciable change in compressive strength affect the flow of water 
through the specimen under pressure to a marked degree. 


The tests have demonstrated what has been observed in 
concrete structures that defects in placing are a much more 
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important factor in the leakage than ordinary differences in 
mixtures, materials, or water content. 


The most significant results of the tests are those showing the 
effect of continued moist curing in increasing the watertightness 
of concrete. It was early demonstrated that for all the ordinary 
mixes encountered in practice the usual 28-day moist curing at 70° 
F. produced concrete through which no water would flow under 
pressures up to 120 lb. per sq. in. It was, therefore, necessary to 
use much shorter curing periods to obtain test results that would 
permit comparisons between the other variables under considera- 
tion. 


Tests using these shorter moist curing periods showed very 
rapid increase in watertightness with increase in length of moist 
curing period. These increases held, regardless of the other factors 
of the tests, showing that the length of moist curing is a primary 
factor in the building up of watertightness of concrete. 


This investigation has clearly shown the important part played 
by the quantity of mixing water in watertightness. This is 
second in importance only to the length of moist curing. An 
increase in the quantity of mixing water was accompanied by a 
reduction in watertightness, regardless of the curing period or the 
characteristics of the cement used. 

The two factors of water-cement ratio and period of moist 
curing are so intimately related in the building up of the structure 
of the hardened cement paste that it is impossible to give the 
limits of one without stating also the limits of the other. For the 
equivalent of 3 days moist curing at 70° I’., concrete and mortar 
with a water-cement ratio of 5 gal. per sack or less showed no 
leakage of water under pressures up to 80 lb. per sq. in. For an 
equivalent of 7 days moist curing at 70° F. the water ratio neces- 
sary to produce such complete watertightness was found to be 
6 gal. per sack. Water-cemenit ratios of 9 gal. per sack produced 
complete watertightness for 28 days curing. Water-cement 
ratios greater than 9 gal. were not used in these tests. Further 
tests will be necessary to establish the permissible limits under 
this extended curing period. 

The tests have also been very illuminative in showing that 
after specimens were removed from the saturated atmosphere of 


142 JouRNAL oF THE AMERICAN Concrete InstrrutE—Proceedings 


the moist room and placed in an atmosphere of about 50% 
relative humidity, there was practically no increase in water- 
tightness. This was true of specimens tested at various periods 
up to 6 mo. In interpreting this in connection with the usual 
concrete practice, it must be remembered that these specimens 
were thin discs which are readily affected by external conditions. 
It is not likely that conditions so extreme would ordinarily be 
encountered in concrete practice where the more massive sections 
prevent the rapid loss of moisture. The tests are significant, 
however, in showing that progressive building up of the internal 
structure of the concrete through curing cannot take place unless 
moisture is present for the continued chemical reactions. 

The tests using cements of different characteristics showed 
that the development of watertightness at the early ages was 
comparable with the development of compressive strength. 
Those cements which gained their strength rapidly during the 
first few days were found also to gain watertightness more 
rapidly. With continued moist curing all the specimens of 
moderate water-cement ratio became completely watertight 
within a few days. 

Studies of some of the common powdered admixtures showed 
that additions of those materials which required extra water to 
maintain plasticity reduced the watertightness, while with those 
materials which required no extra water there was some slight 
improvement. The changes brought about by these additions, 
however, are quite insignificant in comparison with the effects 
produced by a few days change in the period of moist curing or a 
moderate reduction in the water content. 

The results of the freezing and thawing tests are very illum- 
inative in showing the marked advantage of a low water-cement 
ratio in increasing the resistance of concrete to freezing. 


Readers are referred to the JouRNAL for April, 1930, for discus- 
sion which may develop. Such discussion should reach the Secretary 
by March 1, 1930. 


CONCRETE RoapBED On THE PERE MARQUETTE 


RAILWAY 
BY PAUL CHIPMAN* 


INCREASING traffic and heavier wheel loads have for some years 
past directed attention to the insufficiency of the usual type of 
railroad track. The prime defect of a rail support consisting of 
ties and ballast is its lack of continuity. The assumption has 
been general, however, that a rigid and continuous track support is 
not practicable. Street railways were built in which the rail rested 
on and was embedded in concrete, thus providing a perfectly 
rigid track; but it was taken for granted some yielding in the 
track was a necessity under the heavy loads and high speeds of 
steam railway traffic. For this reason also, even such installations 
of concrete roadbed as were made, either experimentally or in 
special locations such as station grounds and tunnels, provided 
for carrying the rail on wooden blocks set in the concrete base. 


Several years ago Mr. Frank H. Alfred, until recently president 
and general manager of the Pere Marquette Railway Company, 
became convinced from his study of the subject that a rigid 
concrete roadbed was entirely practicable and would result in 
substantial economies and that these economies would be sufficient 
for railroads carrying very heavy traffic. to justify the admittedly 
high cost of installation. 


THE FIRST INSTALLATION 


With a view to verifying its practicability by actual experiment, 
the Pere Marquette in 1926 installed a section of concrete roadbed 
at Beech, Mich., about twelve miles from downtown Detroit, 
on its westbound main track between Detroit and Grand Rapids. 
It is 1326 ft. long, being cast in 34, 39-ft. sections. The construc- 
tion is shown in Fig. 1. The cross section is essentially a rect- 

ee ated Proceedings American Concrete Institute, 
Vol, 22, 1926, page 45. 
(143) 
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e angle 21 in. deep and 10 ft. wide. The ends of adjacent slabs 
are connected by a horizontal tongue and groove joint, the 
object of which is to prevent independent vertical movement. 
The reinforcement consists of a light truss under each rail, in 
addition to ordinary reinforcing bars placed longitudinally and 
transversely. The upper chord of the truss consists of two 
\j-in. by 4-in. steel plates, separated by 3-in. channels which 
constitute the vertical and inclined members of the truss. The 
bottom chord consists of two 44-in. x 1%-in. angles. The upper 
edges of the 14-in. x 4-in. metal plates were intended to provide 
a metal rail seat, as it was suspected that unless a metal seat 
were provided, the concrete would be abraded and perhaps disinte- 
grated by the motion of the rail and the resulting impact. 


When construction began, however, it was found that the 
distortion of the steel work incidental to its fabrication was such 
as to make it unsuitable as a rail seat and that to obtain a true 
plane it was necessary to finish the concrete a little higher than 
the edges of the metal plates. The rail would thus rest directly 
on the concrete, except for a few spots where the steel came to 
the surface. This circumstance was most fortunate, as it led 
to the discovery that the rail could rest directly on the concrete 
without producing the undesirable effects that had been antici- 
pated. After nearly three years of service there has been no 
appreciable disintegration or wearing down of the concrete 
surface upon which the rail rests. 


The steel trusses referred to are connected by cross braces and 
tie rods at intervals of about 12 ft. and additional tie rods are 
placed intermediate of these cross braces. At proper intervals 
stirrups made of 1 in. x 2 in. steel are bolted to the upper chord 
of the truss to provide means for attaching the rail fastenings. 
These fastenings consist of ordinary rail-clips and bolts. A nut 
is embedded in the concrete beneath the flange of the stirrup and 
the bolt with head up is passed through the rail clip and the 
stirrup and screwed into the nut. 


The concrete was proportioned on the water-cement ratio 
basis to produce about 4500-pound concrete. An average of 
about 4.2 gallons of water per sack of cement was used, and about 
9 sacks of cement per cubic yard. The average slump was about 
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4 inches. The mixing, proportioning and laying of concrete was 
under the supervision of a representative of the Portland Cement 
Association. Three test cylinders were taken from each 39-ft. 
slab. It was intended to test one cylinder from each slab at 
7 days, one at 28 days and one at 3 months, and this was done 
for the 28 day and 3 month specimens, which averaged 3605 
Ibs. and 5083 Ibs. respectively. It was not possible to test all 
of the specimens intended for the 7-day test at that age. The 
average strength of these specimens was 2719 lbs., obtained at 
an average age of 10 days. 


The aggregate consisted of washed gravel and sand from 
Green Oak, Mich.—the gravel from 14 in. to 14% in; sand coarse 
and fairly sharp. The placing of concrete began October 25— 
and was completed November 27. In this period the temperature 
ranged from 22 degrees I’. to 65 degrees F. When the tempera- 
ture approached the freezing point the water was heated, and when 
it fell to 25 degrees or lower the sand was also heated by piling it 
around a stationary boiuer tube in which fire was maintained. 
Curing was done by covering with sand and loam, kept moist by 
sprinkling when necessary. 


The laying of rail was completed a few days after the last 
concrete was placed and on December 19 the track was placed 
in operation. Levels taken before operation began and on 
December 30, when the track had been in service 11 days, showed 
a settlement ranging from 14 in. to 34in. However, this difference 
in settlement does not occur between slabs which are adjacent or 
even near to each other. It appears to be due to conditions in 
the subgrade which extend for a considerable distance and which 
do not change abruptly, as the greatest variation between the 
two ends of the same slab was 3 jn. and this only in two slabs. 
In general this difference does not exceed a 14 in. These differ- 
ences are not visible to the eyé and cannot be detected in riding 
over the track on a train. 


When plans were drawn and the material ordered a different 
location was in mind than the one finally chosen. The latter is 
in block signal territory and it was therefore necessary to provide 
some way of insulating the raus from each other. The arrange- 
ment of a metal rail support with connecting metal braces and 
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tie rods was ideal for conducting current between the opposite 
rails. Insulation was provided by placing a layer of in. 
pressed wood insulating fibre under the north rail in addition to 
providing fibre bushings and washers for the bolts. 


While the 1-in. layer of fibre was installed under the north 
rail for the purpose of insulation, it has been found to have other 
advantages. There has been no tendency for the north rail to 
creep, but with the south rail there has been some trouble in this 
respect. The insertion of a layer of softer material between the 
rail and the concrete affords a grip for the bolts and keeps them 
tight, whereas if the rail rests directly on the concrete a slight 
stretching of the bolts due to vertical motien of the rail causes 
them to lose their holding power. 


In the spring following construction, transverse cracks ap- 
peared in a few of the slabs. In only four of them do these 
cracks extend for the full width of the slab. One of these cracks 
is at a construction joint in the first slab, which was not com- 
pleted the first day. Another crack is in the eleventh slab from 
the west end, for which no cause is apparent, unless it be that 
two different brands of cement were used, one for each half of 
the slab. The other cracks are in the two slabs next to the east 
end. These were placed when the weather was quite cold and 
the temperature was low for a good part of the time until they 
were put in service, so that they had probably not attained the 
strength of the other slabs when operation began. None of 
these cracks has widened and after three years no additional 
cracks have formed. 


Three years of operation over this track seem to disprove the 
contention that the impact of passing trains will shatter a con- 
crete rail support if in direct contact with the rail. Perhaps a 
trial of this duration is not entirely conclusive and it is barely 
possible that effects of this kind will develop later; but the con- 
crete under the rail does not show any indication of them. It 
would seem if deterioration were going on that it would be 
apparent by this time, but such is not the case. Batter of the 
rail at the joints has not been excessive and averages about the 
same as on ordinary track. The track rides very smoothly. 
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The worst objection from the passenger’s point of view is the 
slight feeling of rigidity that is experienced, together with the 
sound caused by the reflection of the noise of the wheel grinding 
on the rail and the rattle of equipment. The flat surface of the 
slab seems to act as a sounding board, with an effect somewhat 
similar to that noticed in passing a freight train. 


THE NEW INSTALLATION 


After more than two years’ observation of this roadbed some 
rather definite ideas were formed as to how it might be improved 
and at the same time reduced in cost. In the first installation 
the principal consideration was to build with sufficient strength 
to meet all possible contingencies and economy of design was of 
secondary importance. In the old design the unit compression 
in the concrete corresponding to a tensile stress of 16,000 pounds 
in the steel is only about 350 pounds, giving a factor of safety of 
about 12. The rectangular cross section is not economical of 
concrete. It had also been found that a metal rail seat is not 
necessary. Our experience indicated that a layer of slightly 
compressible material between the rail and the concrete is 
desirable, not as a protection for the concrete, but to afford a 
better grip for the rail fastenings and more comfort for the 
passenger by doing away with the sensation of rigidity that is 
experienced if the rail rests directly on the concrete. Doing away 
with the metal rail seat made it possible to eliminate the use of 
structural steel and to use only ordinary reinforcing bars. Plans 
were therefore drawn for a simpler and more economical design, 
which may be described as a platform resting on the subgrade, 
from which arise two longitudinal girders, one under each rail. 
These girders are tied together at intervals of about 6 ft. by 
means of cross-walls reinforced with loops of steel. See Figs. 2and3. 


In the first installation expansion joints were placed at inter- 
vals of 39 ft., this being the usual length of a rail, the rail joint 
coming at the quarter points of the slabs. In the new design the 
sections were made 19 ft. 6 in. long, with the rail joint at the 
center of alternate slabs. The former design having proven 
sufficiently strong, it was used as a basis for computing the rein- 
forcement in the new design. The depth from base of rail to 
bottom of slab is 20 inches, whereas in the old design it is 21 
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inches. The width of the footing is 9 ft. instead of 10 ft. as in 
the old one. The new design calls for about the same amount of 
steel per linear foot of track as did the old one, but owing to the 
fact that ordinary bars are used, considerable economy is effected. 
There is a reduction of about 40% in the amount of concrete 
required per foot of track, which now amounts to 38 cu. yd. 
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The horizontal tongue and groove expansion joints, having 
proven satisfactory, were retained in the new design. They 
were made by using a separator of No. 24 gauge sheet iron bent 
to the required form and backed up by 14-in. Elastite. Under 
each rail a shallow depression is provided, slightly narrower than 
the rail. In this depression a creosoted board is placed slightly 
thicker than the depth of the depression, with the rail seated on this 
board. This provides a grip for the rail fastenings and a slight 
cushioning effect which has been found desirable. 


At intervals of 39 inches anchors made of 1-in. x11-in. steel are 
embedded in the concrete, the portion which extends above the 
concrete being inclined toward the rail. A short bolt is threaded 
through this inclined portion and its end bears against a small 
steel casting which rests on the shoulder of the rail base. By 
tightening the bolt on one side and loosening the one on the other, 
a lateral adjustment is provided. Such adjustment is necessary, 
as it is impossible to set the anchors exactly in line. By tighten- 
ing both bolts a downward pressure is exerted, which holds the 
rail firmly and prevents excessive vertical motion. 


The space between the girders is filled with gravel and a 
shoulder of sand and gravel is built up for a width of about 18 
inches beyond the outer edge of the girder, to lessen the danger 
in case of derailment, to afford better protection from frost and 
to do away with the reflection of noise. 

The new installation is 390 ft. long, consisting of 20 19-ft. 6-in. 
sections. The work of placing occupied about three weeks and 
was completed September 4, 1929. Operation over it began 
September 20. It is just west of and adjoining the old installation. 

Traffic was removed from the track to be improved by divert- 
ing it to the adjacent main. The traffic on that main was in 
turn diverted to an adjacent passing track, thus continuing 
double track operation. The subgrade was prepared by remoy- 
ing the track and shoveling off the ballast to the proper elevation, 
which in general was about the level of the base of the old ties. 

The work was done by contract on a percentage basis. The 
aggregate was unloaded from cars set near the middle of the 
work before the old track was taken up. Water for mixing 
and curing the concrete was obtained from a locomotive tank 


152. JourRNAL or THE AMERICAN ConcrETE InsTITUTE—Proceedings 


placed on a temporary siding at the west end of the work, where 
the cars of cement were also placed. 


In the new section the same kind of aggregate was used and 
from the same source as before. Concrete was designed for a 
strength of 4000 pounds per square inch at 28 days, using the 
water-cement ratio method. An average of about 434 gallons 
of water was used per sack of cement and about 8 sacks of cement 
per cubic yard. The work of mixing and placing was again under 
the supervision of the Portland Cement Association. Two test 
cylinders taken from each slab were tested at 40 days and aver- 
aged 4650 pounds per square inch, the highest being 5580 and 
the lowest 3460. Curing was in damp sand until shipped to the 
laboratory where it was continued in a moist room until 48 
hours before testing. The low strength of the weakest cylinders 
is explained by the fact that in each case a large piece of friable 
material was found at the apex of the cone break. 


Sectional forms of wood were built at the Pere Marquette 
shops in Grand Rapids prior to beginning construction. Five 
sets of forms were made and after using them for the 20 slabs, 
they were still in fair condition. Two by four stakes were driven 
at the sides of the roadbed and the forms supported by cross 
pieces spiked to these stakes. Inasmuch as the surface of the 
rail, and to some extent its line, is governed by the accuracy with 
which the depression in the top of the girders is formed, much 
care was taken in this respect, both as to line and surface and as 
to cant, or transverse inclination. Furthermore, it was necessary 
to suspend the anchors in correct position and hold them firmly 
while the concrete was being placed. To accomplish these ends 
a sized 434 x 5 in. timber was used, being set to line and grade by 
transit and level and spiked to the cross pieces. A satisfactory 
surface was obtained for the bottom of the groove, but air 
bubbles were not entirely eliminated. 


Experience with the original installation, where there has been 
no appreciable inequality of settlement, indicates that adjustment 
of surface would not be necessary except at long intervals and 
probably in a limited number of unfavorable locations. How- 
ever, there would undoubtedly be certain places where settlement 
would necessitate occasional lifting of the slabs in order to restore 
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Fic. 4. Concrete RoapBED UNDER CONSTRUCTION 


them to their former elevation and to remove slight inequalities 
of surface in the'track. To facilitate this, two lifting stirrups are 
set in the concrete near one end of each slab. These are located 
between the rail and the outer edge of the girder, one on each 
side. They are made of 14-in. round rust-proof iron. Should it 
become necessary to lift a joint, an I-beam would be placed 
across the track and hooked to these stirrups. Jacks would be 
placed under the ends of this I-beam and the joint raised to the 
desired elevation. Sand would then be forced into the space 
between the sub-grade and bottom of the slab by compressed air. 
For this purpose the cement gun is a very satisfactory implement; 
as demonstrated by experiments made in using a wooden platform 
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Fic. 5. CompLetTeED—OLD AND NEw SECTIONS 


in lieu of the concrete slab. The sand packs solidly and uniformly. 
For doing this work on a large scale, the equipment would consist 
of a motor car carrying the I-beam referred to, with jacks 
attached to it and operated by the engine of the motor car. 
Following this would come a flat car carrying an air compressor, 
two cement guns and a supply of sand. If traffic could not con- 
veniently be diverted, it would be necessary to have a locomotive 
with the car. With such an outfit the work of re-surfacing could 
be very quickly and economically done. 


The estimated cost of the new design is about $40,000 per 
mile, not including rail. Ninety pound rail and fastenings would 
bring the total to $48,000. This estimate is based on the cost of 
doing highway work by modern methods and with modern 
equipment, including steel forms. The construction requirements 
are very similar. 


Improvement of the new design as compared with the old one 
may be summarized as follows: 
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a. Reduction of 35% in construction cost, without sacri- 
fice of strength. 

b. Provision of a practical method for restoring surface 
in event of settlement. 

Provision for lateral adjustment of the rail. 

Elimination of insulation problems. 

Elimination of reflected noise. 

f. Elimination of feeling of rigidity. 


o 29 


Patentable features in both old and new designs have been 
covered by patents issued and pending. 
The principal advantages of a roadbed of this type are as 
follows: 
Greater safety 
Higher permissible speed 
Lower cost of maintaining track 
Lower cost of maintaining equipment 
5. Reduced train resistance 


pee adel a 


Of these, the reduction in the cost of track maintenance is the 
most tangible and possibly the most important. Aside from 
correcting some minor errors of design, there has been no money 
spent on the Pere Marquette’s first installation since it was built. 
The cost of renewing ties and ballast is eliminated. Owing to 
its continuous support, the rail can be made lighter in section 
and much harder; thus greatly reducing the frequency and cost 
of rail renewals. 

Track labor is almost eliminated, being reduced to inspection, 
rail renewal and occasional adjustment for surface. The saving 
in cost of maintaining track would depend on the density of 
traffic. A study of maintenance statistics on a number of heavy 
traffic railroads shows that a saving of $2000 or more per mile 
would be effected on the main track of such roads. 

Elimination of low joints and soft spots in the track would 
undoubtedly result in a very considerable reduction in the cost of 
maintaining equipment, but this saving could not be measured 
unless a considerable mileage of the improved track were in use. 

A comparison of train resistance on the improved track and 
on the adjacent track of ordinary construction was made in 
1928. The resistance was computed by measuring the retarda- 
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tion of drifting cars and the result showed about 15% less 
resistance on the improved track. The methods used were rather 
crude, the retardation of the cars being measured by taking ‘the 
time required to pass over consecutive sections of uniform 
length by means of stop watches. More accurate means of 
measurement might show a somewhat different result, but it is 
evident that the resistance is less on a smooth and rigid roadbed 
than it is on track of the usual type. 

The value of greater safety and higher permissible speed cannot 
be measured in money; but in view of the present demand for 
faster movement of both passengers and freight, it is of very 
great importance. Combined with the tangible saving that 
would be effected in the cost of maintenance, it is enough to 
make further development of this type of track highly desirable. 
First class track of the usual type costs from $30,000 to $35,000 
a mile and the advantages, tangible and intangible, of a per- 
manent roadbed would appear to justify amply its additional 
cost of $13,000 to $18,000 per mile. 


Readers are referred to the JouRNAL for April, 1930, for discus- 
sion which may develop. Such discussion should reach the Secretary 
by March 1, 1930. 


Design Or REINFORCED CoNCRETE CoLumns SUBJECT 
To FLEXURE 


BY HARDY CROSS* 


Columns of reinforced-concrete are nearly always subject to 
flexure and often to heavy flexure. Sometimes the flecure is a 
result of bracket loads but more frequently it is due to bending 
of connecting girders or to shrinkage or temperature changes. 


The theory of stress analysis on the usual assumptions— 
which are not very accurate—is treated in meticulous detail in 
the literature, but the resulting formulas are so awkward as to 
be useless in design. The designer then resorts to tables, but 
these are necessarily very limited in their scope. 


But stress analysis is only a small part of the problem. The 
magnitude of the moments involved is uncertain; the allowable 
stresses are more uncertain even for known forces. Is not a 
simpler design procedure which takes account of more elements 
in the problem to be preferred? 


The object of this paper by Professor Cross 1s to encourage 
discussion as a whole of an important subject which has here- 
tofore been treated only in a few individual: aspects. —EpIToR 


Near.y all columns of reinforced concrete are at some time 
subjected to a combination of direct stress and bending; most of 
them receive their greatest stress under such a combination; 
many of them receive their critical design stress under combined 
stress. It is the purpose of this paper to point out certain peculiar 
conditions which result from these combined stresses where 
columns are designed according to usual practice in such cases. 


Our code specifies certain basic stresses for columns axially 
loaded, to be applied on the transformed section. Where columns 


*Professor of Structural Engineering, University of Illinois, Urbana. 
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are subjected to bending these stresses may be increased in tied 
columns by one-third and in spiralled columns by 15% fe’. 

It is specified that ‘moments shall be computed and provided 
for.’ The beam theory f = * + a is used in computing stresses, 
the effective section being the transformed section with concrete 
in tension omitted. 

In only one case is the method of computation of column 
moments indicated. It is specified that wall columns in flat 


slab construction shall be designed for a total moment of a 


which is to be distributed between the two columns in the ratio 
of the values t, This is apparently an oversight, since the 
stiffness of a column is affected both by the value of E and of I; 
the distribution should therefore be in the ratio of oe or, what 


comes to the same thing, of fet There is some question as to 


whether I should be computed for the gross or for the net section 
of columns spirally reinforced. It seems more logical to use the 
gross section, because the deformation, except at the point of 
failure in case failure occurs, is determined by the gross sec- 
tion. The steel may be neglected in computing the moment 
of inertia as a measure of stiffness. 


SOURCES OF FLEXURE 


Concrete columns are often subjected to moments which vary 
greatly with the stiffness (EI value) of the column; occasionally 
they are subjected to moments which do not vary appreciably 
with the column stiffness. The moments may be due to loads 
eccentrically applied along the column, to flexure of girders con- 
nected to the column, to temperature or shrinkage of connecting 
girders, to wind or other transverse forces. 

In practically every case in actual construction, so far as the 
writer can see, the amount of moment carried by the column 
depends to some extent on the column stiffness. In the case of 
eccentric loads and of transverse loads, such as wind, however, 
the variation with column stiffness is so small that for present 
purposes it may be neglected. Also in the case of moments due 
to flexure of connecting members, if the columns are very stiff 
compared with the other members at the joint, as in the case of 
columns in flat slab construction, the total moment carried by 
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the columns is little affected by their stiffness, though the dis- 
tribution of the moment between the columns is considerably 
affected by their relative stiffness. 

In the cases where slender columns are bent by flexure of 
heavy girders or by changes in length in the girders, the moments 
are very much affected by the stiffness of the column itself. 

Problems in the design of columns subject to flexure may, then, 
be divided into two classes depending on whether the amount of 
moment to be carried does or does not vary much with the column 
stiffness. 


» BENDING MOMENTS IN COLUMNS NOT INTEGRAL WITH GIRDERS 


It is assumed by some designers that if the girder is poured 
separately on top of the column without dowels, eccentricity in 
the column is thus avoided. Unless rocker bearings are used, it 
should be evident that up to the point where tension occurs it 
makes no difference whether the column is continuous with the 
girder or not. If tension is indicated, then the center of pressure 
lies somewhere between the kern point and the column edge; 
in this case the maximum stress intensity is twice the average on 
that part of the column section which is not in tension. 


DESIGN METHODS 


The usual method of design is to determine first the size of 
column for direct stress and then test this for combined stress. 
If the computed compressive stress is too high, several possi- 
bilities suggest themselves. We may add more steel or enlarge 
the column all along the axis or we may flare the column where 
the high moments exist or we may use stronger concrete. These 
methods may be effective or not depending on conditions. A 
study of these conditions is one of the objects of this paper. 

Rectangular homogeneous columns subject to flexure about 
one major axis would be designed by the formula 


42 e 
i-5(1+64) 


This suggests the use of a similar formula in designing columns 
of reinforced concrete 


P 
fe = ihe (1 + 6e/d)e 
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Where A; is the area of the total transformed section 
jae fais Da v5 


c is a correction constant whose value depends on 
(a) the percentage of reinforcement 
(b) the eccentricity 
(c) the distribution of the reinforcement between ends and 
sides 
(d) symmetry of reinforcement 
(e) embedment of reinforcement 


The constant c for ordinary cases varies within rather narrow 
limits, from about 0.8 to 1.2. For fe’ = 2000 and p = 0.03 it 
varies from about 0.9 to 1.1. It is not practicable to completely 
tabulate the values even for all common cases. In the case of 
rectangular columns we have to deal with both end steel and side 
steel and hence have, even in symmetrical cases, three para- 
meters for our tables, ¢ n, and the ratio of side steel to end 
steel; there is always side steel. Irregular and unsymmetrical 
cases, though common enough, cannot be tabulated at all, nor 
can the very common case of flexure about two major axes. 

This constant ¢ is, in a rough way, a measure of the efficiency 
of the section as a column. The larger the value of c, the more 
deeply is the column cracked and hence only a small part of it is 
effective in carrying the load. We expect deep cracking where 
the eccentricity is large or the steel percentage is small or where 
n is small. 


DESIGNING FOR INVARIABLE MOMENTS 


Where the bending moment on the column is a fixed. quantity 
relief of overstress can be had by increasing the column size or 
by increasing the amount of longitudinal reinforement and also 
by increasing the strength of the concrete. 

Increasing the strength of the concrete, however, is surprisingly 
ineffective. In the first place, for the same size of column and 
amount of steel, Az decreases and ¢ increases. In addition, the 
allowable stress as given by the code for spiralled columns 
decreases less rapidly than the strength of the concrete. 

In the case of tied columns the following relative values of 
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A; and of ¢ are found for various concrete strengths when com- 
pared with 2000 pounds concrete. 


e/d=1 p=0.02 


Relative Ay Relative c Relative Strength 
f’. = 2000 100 100 100 x 1.0 = 1.00 
3000 Ooi 120 UC os dha) Se Me as 

4000 88.5 132 67 x2 = 1.34 


For spiralled columns we must also take account of the rela- 
tively low stresses permitted for concrete with high strength. 
Thus, for combined stresses the code permits for p = 0.02. 


Relative 
for fp’ = 2000 f, allowable = 960 100 
3000 1290 134 
4000 1620 169 


If we take e/d = 14, compute the values of Aj/c and multiply 
by the ratio of these allowable stresses 


Relative Strength 


for f,’ = 2000 100 x 100 = 100 
3000 84 x 134 = 112 
4000 71 x 169 = 119 


In spiralled columns, then, there is almost no increase in 
column strength due to the use of increased concrete strength 
where there is very much bending. Even for axial load only, 
the relative strength of the spiralled column increases very slowly 
as the relative strength of the concrete increases. 


VARIABLE MOMENT 


Where the moment in the column is a result of deformation 
rather than of load, the moment in the column is itself a function 
of the size of the column and of the elastic modulus, or, what 
comes to about the same thing, of the strength of the concrete 
of which it is made. Where a girder is connected to a column, 
the top of the column must rotate through the same angle as the 
end of the girder. If the girder is very stiff compared with the 
column, this angle is affected only slightly by the size or stiffness 
of the column. The column, then, is subject to a fixed deforma- 
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tion and must be designed for the deformation and not for any 
particular moment. The process of computing the moment 
from the deformation and then computing the stress from the 
moment is a rather awkward device, justified by our greater 
familiarity with this process. 

If the strength of the concrete is increased, the same deforma-’ 
tion takes place. Now there is a difference between concrete and 
steel which is very important in this connection. Steel fails at a 
given stress dependent on its strength whereas concrete fails at a 
given strain which is practically independent of its strength. 
Evidently, then, there is no advantage in increasing the strength 
of concrete which is subject to a fixed deformation. 

Evidently for a given rotation in the column, the outer 
fibre will be stretched in proportion to its distance from the 
column axis; in other words, the bending stress varies directly 
with the column diameter. 

If the stiffness of the column is increased further, the resistance 
of the column restrains somewhat the bending of the connecting 
girder and the column stress due to bending increases less rapidly 
than the column diameter. If the column becomes very stiff 
relative to the girder, a point is finally reached where the 
bending stress decreased as the column diameter increases. 

For stresses due to temperature change or shrinkage of the 
connecting girder, also, there is no advantage in using stronger 
concrete and there is a disadvantage in increasing the column 
diameter. 


HIGH STRENGTH CONCRETE 


In reference to the use of high strength concrete we have seen 
above that increased concrete strength increases the column 
strength very little even where the moment is fixed. In the case 
where the moment varies with the column stiffness, the use of 
high strength concrete may, if we follow the code, actually 
weaken the column, so that a larger column is needed the greater 
the concrete strength. 

To take a very simple case, assume a single spiralled column 
connected to one end of a girder, the other end of the girder being 


rigidly fixed. Assume that ; for the girder is five times ; for 


Oe eh 
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the column when fe’ = 2000. Then for other concrete strengths, 
the column dimensions being otherwise the same, the value of 
e/d will be increased because of the increased tithes of the 
column. The relative factor of safety can now be computed for 
the column having stronger concrete. We find, 


Factor of Safety Relative to a Column in which 
Value c/d f, = 2000 of Columns in Which f’, — 
for f£, = 2000 


2000 Ib. ¥ D’ 3000 Ib. ¥ D” 4000 Ib. ¥ D’ 


Vy 100% 90% 85% 
\ 100% 82% 73% 
1 100% 79% 69% 


The figures here given are based on compressive stress. Some 
of these columns would be overstressed in tension also. 

The point illustrated is that the common practice of using in 
the same frame work members in which the concrete is of different 
strengths may be dangerous if we accept the rulings of the code. 


VARIATION OF COLUMN DIAMETER 


Under existing theories of column design, solutions of the prob- 
lem of combined stress are so complicated that precise generaliza- 
tions are hardly possible. The following statements, however, 
give some idea of the effect on the bending stress of variation in 
column diameter where the bending stress is a result of the flexure 
of connecting members. 

If both dimensions of the column are varied, so that the column 
remains square or round, then when the stiffness of the column is 
about one-fifth the sum of the stiffness of all members at the 
joint, increasing the column diameter does not affect the bending 
stress very much. If the column is relatively stiffer than this, 
the stress decreases as the column size increases, slowly at first 
and then more rapidly until when the column stiffness approaches 
one-half the total joint stiffness, the bending stress is decreasing 
about as rapidly as the diameter increases. If the column is 
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relatively less stiff than one-fifth of the total joint stiffness, the 
bending stress will increase with increase in the column diameter. 
It will usually be more economical to widen the column than 
to make it deeper. 


Columns are usually designed first for axial load, the bending 
in them is computed and then they are tested for compressive 
stress. If the stress in the, concrete is found to be larger than 
allowable, the column size may be increased. This reduces the 
axial stress and may increase the bending stress or may not affect 
it or it may decrease it. If the bending stress is high and the 
column relatively slender, then the column diameter must be 
greatly increased. Of course if the column diameter is increased 
sufficiently, then the bending stress as well as the axial stress will 
eventually fall off, but we have now changed the construction 
from girder and column to a rigid frame in which the column 
functions chiefly to resist moment. 


If the stresses due to expansion of connection girders are fairly 
high in the original column, they may increase so much as the 
diameter is increased as to make a design in which the girder is 
continuous with the column entirely impossible if the column is 
to remain square or circular and of uniform section. This is 
common in the design of continuous viaducts of reinforced con- 
crete. 


TENSILE REINFORCEMENT 


Tensile reinforcement in columns presents what is called 
reversed stress. Cases of reversed stress are common; the most 
familar is that of counter braces in steel trusses. 

Assume that in a certain column the stress in the tensile steel 
due to dead load has an intensity of 10,000 lbs. per sq. in. com- 
pression and that the stress is changed by certain live load con- 
ditions to 10,000 Ibs. per sq. in. tension. If the live load is 
doubled, the stress will be about 30,000 lbs. per sq. in. tension, or 
three times as much as before. 

If the bending is large there seems to be less chance of any 
great increase in its value due to change in load conditions or to 
erroneous assumptions in its computation than if the moment is 
small. This question of factor of safety should be automatically 
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taken care of in the method used for computing the tensile 
stress. How much adjustment should be made is, however, a 
matter of judgment. It should be recognized that overstressing 
the tensile steel, while objectionable, does not threaten immediate 
failure. 

Even an accidental increase in concrete strength may seriously 
overstress the tensile steel. Where the moment varies rapidly 
with the diameter of column, increase in the size of column 
without change in the amount of steel may result in overstress in 
the steel. 

The amount of steel required for a given moment could be 
found simply by taking moments about the centroid of com- 
pression if we knew its position. The writer recommends that 
the required area of tensile steel be computed by assuming the 
centroid of compression at a distance 3/4d from the tensile 
steel and by using the usual stress in the steel. 

In circular columns one-fourth of the peripheral steel is to be 
considered as tensile steel. 

This will give designs somewhat more conservative than will 
an exact solution using the present code. It should be realized, 
however, that if the eccentricity is small, the extra amount of 
steel is not very important; if the eccentricity is large, an unsym- 
metrical design is indicated and an exact solution is rather 
tedious. Additional steel adds very little to the cost of the column. 

In nearly all cases maximum tension in the reinforcement 
occurs under an entirely different condition of loading from 
maximum compression. Usually the maximum tension in the 
reinforcement is very much greater than the tension which accom- 
panies maximum compression. Whether high unit stresses in 
the steel are dangerous and to what extent they are really objec- 
tionable in such cases depends on circumstances. Evidently 
tensile stresses exceeding the elastic limit would tend to destroy 
the bond but this would occur for only a short distance. 


FLARED COLUMN HEADS 


Where a slender column is overstressed by flexure of connect- 
ing members the economical treatment is to increase the column 
diameter in the region of high moment near the top of the column. 
This increases somewhat the moment in the column but increases 
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greatly the resistance to such moment. It will be found that the 
moment increases less rapidly than the diameter of the flared 
head while the stress decreases about as the square of this 
diameter. A very good method of design is to increase the 
diameter at the top in proportion to the overstress and continue 
the flared head down to the point where it is no longer neéded for 
overstress. 


ALLOWABLE STRESSES 


On the subject of allowable stress our data are very limited. 
Most concrete columns receive their greatest stress from a 
combination of flexure and direct load and it is not improbable 
that they would fail under such a combination; it is unquestion- 
able that many would fail in this way, yet test data on the strength 
under such conditions are almost absent from the literature.* It 
seems that information as to strength under combined axial load 
and flexure is more immediately needed than further information 
as to strength under axial load. 

Data on the strength of columns eccentrically loaded might 
lead to a more dependable value of the axial strength as a limiting 
condition. To the writer this seems a promising line of investi- 
gation. 

Consideration of the permissible stress involves the following 
topics: 

(a) allowable axial stress with and without spirals 

(b) effect of shrinkage and time flow 

(c) effect of spirals in cases of combined stress 

(d) general theory of flexure in cases of combined stress 

(e) effect of localization of high stress on any cross section and 

also along the axis of the column. 

It is obviously not possible to make definite statements on 
these points in view of the present status of the experimental 
data. 

Where high bending stresses exist it seems doubtful whether 
spiralling justifies such high stresses as are permitted (1280 lbs. 
per sq. in. on 2000-lb. concrete with 6% of logitudinal reinforce- 
ment) even if high stresses are permissible in such columns 
where the stress is uniform over the section. 


*For a brief review of each data see ‘‘A Study of Bending Moments in Columns,” F. E. 
Richart, Am. Concrete Inst. Proceedings, Vol. 20, p. 495, 1 
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On the other hand there is considerable reason to doubt 
whether the theory of the cracked section gives a valid basis for 
computing compressive stresses in reinforced concrete columns 
subject to combined stresses. In these columns the shear and 
bond stresses are small and there igs not much cracking. The 
theory of the cracked section implies an improbable variation in 
the stress conditions on the compressive face where a crack occurs 
on the tensile face. 


DESIGN METHODS 


The problem of rational design here involves, as indicated 
above, problems of method of analysis, of allowable stress, of 
factor of safety, of methods of reducing overstress. The problem 
is complicated in all its phases. For rational and expeditious 
design we need a simpler procedure than that now specified. 

After considerable study of the problem, the writer suggests 
the following procedure as approximately satisfactory in the 
light of our present knowledge. 

Determine the required section from 


eye es 


P is the axial load. 
Az is the required area of transformed section = Ag + (n—1) A5, 
P’ is the equivalent flexural load = 6M 
d 
f, is the allowable axial stress 


fp is the allowable bending stress 


The amount of tensile steel required is to be determined by 
taking moments about the centroid of compression, assuming 
jd = 0.75. For spiral columns, one fourth of the peripheral 
steel may be counted as tensile steel; for square columns with the 
~ game reinforcement in all sides this value may be taken as one- 
third and for rectangular columns with all steel in the ends as 
one-half. 

SUMMARY AND CONCLUSIONS 

(a) The problem of rational design of reinforced-concrete 
columns in flexure is unusually complicated. 

(b) There are almost no test data from which to determine 
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working stresses. In the absence of such data, it seems best to 
provide for flexure on the basis of the allowable bending stress 
and for axial load on the basis of the allowable axial stress. In 
order to allow for the small eccentricities which are already pro- 
vided for by the low stresses permitted for axial loads,* the axial 
load may be reduced one-half where combined stresses are to be 
provided for. 

(c) A high factor of safety should be provided for the tensile 
steel, as in all cases of reversed stress, especially where the bend-~ 
ing is small. It is to be noted that additional tensile steel adds 
very little to the total steel required in the section. 

(d) The standard method of stress analysis using the trans- 
formed section has little rational and no experimental basis. It 
is almost impossible to apply it in cases of unsymmetrical flexure 
involving tension. It can be tabulated for only a very limited 
number of cases. For these reasons it furnishes a most unsatis- 
factory basis of design. 

(e) Practically all reinforced concrete columns are subject to 
flexure, most of them receive their highest stress under combined 
stress, many of them would undoubtedly fail under combined 
stress. Too much-attention seems to have been given to the 
stress analysis as compared with the lack of attention to deter- 
mination of the moments or of the allowable stresses. 

(f) Bending stresses are commonly a result of flexure of con- 
necting members. There is, and always will be, a good deal of 
uncertainty about the relative stiffness of concrete members. 
All that we can hope to do is to provide consistently for all ele- 
ments in the problem. Great precision is futile. 

(g) Where overstress is indicated due to bending or expansion 
of connecting members in a column the size of which has been 
determined by axial stress only, different procedures are indicated 
depending on the relative amount of bending stress and relative 
column stiffness. If the column is flexible, increasing the diam- 
eter will increase the bending stress; if the column is stiff, increas- 
ing the diameter will decrease the bending stress. If the bending 
stress is very high in a flexible column, the diameter must be 
increased until the column is very stiff if a column of uniform 


*The writer is not sure that such allowance was made in fixing allowable axial stresses. 
Information on this point would be valuable. 
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section is desired; in such a case, the most economical procedure 
1s to increase the column diameter only in the region of high 
moments. 


(h) The tensile steel may be designed by taking moments 
about the center of compression, assuming jd = 0.75 and using 
the usual stress in steel. 


(i) The total area of transformed section required may be 
designed by the formula 


(j) Where double flexure occurs, add the effect of moments 
about the two axes. ne 

(k) High strength concrete offers little advantage where there 
is much flexural stress in the column. Where a flexible column 
has high bending stress due to flexure of connecting members 
the use of high strength concrete in the column alone is definitely 
harmful. Similarly, abrupt changes in concrete strength in 
columns on successive floors is harmful. 


Readers are referred to the JouRNAL for April 1930 for discussion 
which may develop. Such discussion should reach the Secretary by 
March 1, 1930. 


SIMPLIFIED Ricip FRAME DESIGN 


Report of Committee 301 
BY HARDY CROSS*, AUTHOR CHAIRMAN 


In the preparation of this report to which Professor Cross 
was assigned as author-chairman, he has had the benefit of 
criticism and suggestions from the critic members of Com- 
mittee 301, Simplified Rigid Frame Design—Clyde T. Morris, 
Prof. of Structural Engineering, Ohio State University, 
Columbus; F. E. Richart, Research Associate Professor of 
Theoretical and Applied Mechanics, University of Illinois, 
Urbana; Albert Smith, Smith and Brown, Consulting Engineers, 
Chicago. 


THE GENERAL subject of rigid frames could be discussed from 
several viewpoints. A comprehensive treatment would involve 
almost every phase of design and construction in reinforced 
concrete. It has seemed necessary, therefore, to restrict the 
scope of this report. The paper attempts to indicate the object 
of analysis of such structures and to recommend a method of 
analysis available for their design. 


The first and the most important thing to recognize about 
rigid frames is that the design of these structures involves many 
inter-relations. Absolute precision in the solution of these prob- 
lems is impossible. All that is possible and all that should be 
sought is a reasonably consistent basis of comparison of different 
structures or of different designs of the same structure, or of 
different parts of the same structure. 


The writer of this report has discussed elsewhere the general 
problem of moments in continuous concrete structures.! It is 


*Professor Structural Engineering, University of Illinois, Urbana. 

Author’s Note—The writer of this report wishes to thank the other members of the com- 
mittee for their interest in the problem and for their helpful criticisms. Heis especially indebted 
to Professor Richart for unusually useful suggestions. 
be ee as a Factor in Reinforced Concrete Design,”’ Proceedings A. C. I., 1929, Vol. 
25, p. " 
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proposed here to state briefly a method of analysis recommended 
for ordinary cases. 

It must be recognized that it is not safe to neglect continuity 
as an element in concrete design, and that it is vastly more 
important to make some consistent provision for continuity than 
it is to make that provision very precise. 

Here, as elsewhere in structural analysis, any effort to substi- 
tute formulas and rules for a clear conception of the principles 
involved will prove dangerous. 

It should be recognized that continuity may involve either 
flexure or torsion. This means that the rotation of the end of 
the loaded beam may be restrained either by its connection to 
other beams in line with itself, which will be bent by this rotation, 
or by continuity with beams or slabs running normal to its own 
length, which will be twisted by this rotation. The torsional 
element has, in the past, been frequently overlooked as an element 
in the problem. 


WHAT IS A RIGID FRAME? 


The term, “rigid frame,’”’ has been used in different senses by 
different writers. It may be taken to apply to all frames having 
rigid connections at the joints and would then include buildings, 
bents and viaduct structures. By some it has been restricted 
to those structures which are made continuous with the object of 
improving the design, as has been done in arched bents used for 
industrial buildings, hangars and similar structures and also for 
rigid viaduct frames at highway over-crossings having limited 
clearance. 

In some structures continuity of columns with the girders is a 
distinct disadvantage to the designer because it complicates the 
design without saving material and is justified only by its con- 
venience to the constructor; while in others continuity is defin- 
itely depended upon to produce economy of materials. The 
effect of continuity on the moments and stresses is in one case 
similar in some ways to what is referred to as secondary stress in 
steel construction, while in the other the moments produced by 
continuity are themselves primary. In one case we do not 
depend on continuity to support the load; in the other case we 
depend definitely on continuity to support the load. 
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WHAT CONSTITUTES A COMPLETE ANALYSIS? 


Complete analysis of a rigid frame involves curves of maximum 
positive and negative moments on girders, curves of maximum 
shear on girders, determination of maximum tension and maxi- 
mum compression in all columns, and of maximum stresses from 
a combination of torsion and flexure in girders. Such complete 
studies in ordinary cases are futile and impractical. Only in the 
most important structures are they justified. 

It must be recognized that buildings differ from viaducts and 
that multi-story buildings differ from single story buildings, 
not only in the relative importance of the problems involved but 
also in complications which arise from uncertainties of loading 
and from improbability of certain combinations of loading. 


; SOURCES OF STRESSES 


To be comprehensive, an analysis of.a rigid frame should 
include the effect of live load, dead load and wind, of tractive, 
centrifugal, and other transverse forces, of temperature change 
and shrinkage, and perhaps of anticipated settlement of supports. 

But it must be clearly understood that a mere tabulation and 
summation of effects from these sources, with no attention to the 
relation of factor of safety to probability, is largely a waste of 
time. For example, we should in general be satisfied if settlement 
combined with other causes does not produce stresses which 
threaten collapse. 


SCOPE OF THIS REPORT 


Because of the complications involved in several aspects of the 
subject, it seems desirable to restrict definitely the scope of this 
report. 

The immediate need in this field seems to be a simplified 
procedure in analysis of rigid frames and this paper is restricted 
chiefly to an attempt to present such procedure. The discussion 
deals only with frames composed of straight members of uniform 
section. 

The report is further limited to those cases in which the joints 
are not displaced in position. Except for the effect of transverse 
loads, the joints may be considered fixed in position in practically 
all rectangular frames. 
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Arched bents and arches, cannot be treated easily by the 
methods here indicated. In any case, their design seems to 
constitute a separate problem. 


PHYSICAL ELEMENTS 

Every one knows that the moments, shears and reactions in 
continuous construction depend on the relative ‘stiffness of the 
members. 

Stiffness may be definitely defined as a physical property of the 
beam proportional to the moment necessary to produce unit 
rotation of one end of a beam supported at both ends if the other 
end is fixed against rotation. 

We do not know very accurately the relative stiffness of con- 
crete members, nor does it seem probable that any laboratory 
data will ever give us precise knowledge in this respect. For 
important members carrying transverse loads, uncertainty as to 
relative stiffness does not affect the accuracy of computed 
results very much. The design of such members as columns, 
which carry either no transverse load or very little, is often much 
influenced by assumptions as to relative stiffness. 

The stiffness of girders in bending depends on the dimensions 
of the stem and of any flanges present, on the modulus of elas- 
ticity of the concrete, the stiffening effect of the merging of 
beams and columns, the amount and disposition of steel, bond 
slip, if any, and span length. 

Stiffness of columns is scarcely less complicated, the chief 
difference being in the absence of the flange. ; 

As to stiffness of beams in torsion, we know almost nothing 
even in those cases where a beam is rectangular. Obviously the 
twisting of a T-beam is very much restricted by the presence of a 
flange, and its torsional stiffness very much increased thereby. 
It seems probable that concrete deck beams are quite stiff in 
torsion. 

For beams of constant section to which the beam formula 
f= “ can be applied, the flexural stiffness is proportional to 
the “stiffness factor,” where E is the elastic modulus, I the 
moment of inertia and L the span length. 

The moment of inertia of a beam of reinforced concrete and 
especially of a T-beam is a rather indefinite quantity. It has 
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usually been recommended for rectangular members that I be 
taken as proportional to the product of the width by the cube 
of the depth. Reinforced concrete girders are, however, rarely 
rectangular and as to the effect of the slab of T-beams we know — 
very little. Any assumptions on this point must of necessity be 
almost entirely arbitrary. 


We may say, then, that the stiffness factor varies with i 


. EI Ebd’ d2 EA? d 

OG Cee ee —- «= 

and write I L < I ax b 
For square columns rae 1. For beams we May assume b= 3 


for the stem and if further we assume an arbitrary multiplier 5 
for the effect of the flange, we derive as approximate relations 
for columns and T-beams of usual proportions. 

A2 


Relative stiffness of a column = Maa 


Where (A) is the area in square inches 
(h) is the height in feet. 


Relative stiffness of a girder = 102, = 


Where (A) is the area of stem in square inches 
(L) is the span in feet. 


These rules are highly arbitrary, but are at least useable and 
are perhaps as near the facts as any. The girders are assumed to 
be T-beams of ordinary proportions. For girders with relatively 
thin slabs or relatively wide stems the stiffness should be reduced 
somewhat, but the writer does not pretend to know exactly how 
much, 


Mr. Albert Smith has suggested to the writer that the arbitrary 
multiplier used for T-beams should be two or four and also that 
some provision should be made for the effect of the reinforcement. 
Probably both points are well taken, and the second suggestion 
is unquestionably correct but the writer knows of no data defin- 
itely applicable to the problem. For the purposes of this report, 
the writer has considered simplicity more desirable than precision 
in determining the stiffness factor. 


SIGNS OF BENDING MOMENTS 


It is recommended that for bending moments in horizontal 
members the same convention of signs* be used as is customary 
in design procedure and that the same convention be applied to 


*Positive moment sags the beam; negative moment hogs the beam. 
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columns when they are looked at from the right as a drawing is 
usually read. 

If the moments in columns are written to the left of the columns 
at the top of the columns and to the right at the bottom of the 
columns, a joint will be balanced when the algebraic sum of the 
moments on the right and left sides of the joint are equal. 

Thus the joints shown at the bottom of Problem 2 are bal- 
anced. The direction of curvature of the members is shown by 
dotted lines. 

If these conventions are followed no difficulty should be found 
in the signs, since for given fixed-end moments in the loaded 
members, there is only one way in which the signs of the dis- 
tributed end moments can be arranged to balance the joint— 
that is, to give the same algebraic total moment to right and to 
left of the joint. 

SPAN LENGTH 

All methods of analyzing rigid frames assume that the moments 
are computed on a length of member, center to center of inter- 
sections, and further assume that all members at any joint meet 
at a point. It is important to understand that by none of these 
methods is it possible to use directly the clear span consistently 
in computations. 

EXACT METHOD OF ANALYSIS 


The method of analysis proposed here will give accurately the 
moments at the supports of any frame made up of straight mem- 
bers of uniform section, provided the joints are not displaced 
by loading and provided the physical properties of the structure 
and the conditions of loading are accurately known. 

The method to be used involves the calculation of moments at 
the ends of all beams in the frame under certain artificial condi- 
tions of restraint, then a redistribution of unbalanced moments 
by arithmetical proportion when the artificial restraints are 
removed. A clearer conception of the method recommended 
can be had by thinking of moment distribution as a physical 
procedure than by considering the mathematical relations 
involved. 

Consider a continuous frame of several spans, under given 
loading. Denoting the junctions of members as joints, if all 
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joints are originally held against rotation, the end moments for 
each span can be found as fixed-end moments.* Suppose any 
one joint is now released; if the fixed-end mcments at the joint 
do not balance each other, the joint will rotate, and since the 
ends of all members at that joint rotate through the same angle, 
the moment in each member accompanying such rotation will 
vary as the stiffness factor EI/L for that member, since this is 
proportional to the moment required to produce a unit rotation 
of one end of the member when the other end is fixed. Since, 
after the joint is released it will automatically come to equilibrium 
and be statically balanced, it follows that the sum of the newly 
induced moments equals the original unbalanced moment, and 
that by distributing the unbalanced moment among the mem- 
bers at the joint in proportion to their stiffness factors, the 
induced moments are determined. 


In each of the members which has received its share of the 
unbalanced moment, there is produced a moment at the far end 
equal to 4% of the distributed moment at the joint end, but of 
opposite sign. This follows because, if a member of uniform 
section, supported at the ends, is fixed at the end B and sub- 
jected to a bending moment at the end A, the moment produced 
at B is 4 the magnitude of the moment at A, and of opposite 
sign. Thus the balancing of a single joint results in setting up 
additional unbalanced moments at the adjacent joints. The 
joint that has been balanced may now be held against further 
rotation while another joint is released and balanced in a similar 
way. The amount of unbalance is thus rapidly reduced at all 
joints, and the process is continued until the amount of unbalance 
remaining is made as small as desired. It is evident that the 
process may be carried to any desired degree of precision. If 
approximate results are sufficient, the process of distribution 
need be repeated only a few times. The various moments found 
and combined may be thought of as the terms of a rapidly 
converging series, for which the number of terms employed 
determines the precision of the result. 


The above operations may now be systematized and the 
application of the process stated in a few words. 


*The derivation of formulas for moments at the ends of ‘‘fixed” spans may be found in most 
texts on Mechanics. 
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1. Compute the moments due to the given loading 
which would exist at the ends of each member of the frame 
if these ends were fixed, or held against rotation. 


2. At each joint distribute the unbalanced moment 
(the difference between the fixed-end moments for the 
members meeting at the joint) among the members at the 
joint in proportion to their stiffness factors, EI/L. 

3. For-each member which has received a certain dis- 
tributed moment at a joint, apply at the far end of the 
member a moment of opposite sign and one-half the magni- 
tude of the distributed moment. These may be called 
“carry-over”? moments. 

4. If the carry-over moments at any joint are now 
unbalanced, again distribute these unbalanced moments and 
apply the carry-over moments as. described in paragraphs 
2 and 3 above. 

5. Repeat the process until the desired degree of pre- 
cision (freedom from unbalanced moments) is attained. 
At each side of each joint add the original fixed-end moments, 
the distributed moments, and the carry-over moments. 
The sum is the true moment at the end of the member at 
the joint. 

After the end moments on the members of the frame are 
known, all other quantities—moments at points other than the 
ends, shears, reactions—may be computed from statics. 


ILLUSTRATIVE PROBLEMS 


Problem 1—As an illustration of the application of the above method to a 
particular case, assume a continuous girder of three spans, with no restraint 
at the ends, as shown. The span lengths are successively 20, 30 and 40 ft. 
Assume the relative stiffness successively as 6, 4 and 3, which is correct if the 
girder is of constant section and material. Assume the second span only to 
be loaded with a distributed load of 2,000 Ib. per foot of length. The fixed-end 
moments for this span are WL/12 =150,000 ft. lb., and are the unbalanced 
moments at the ends of the middle span. For convenience, the moments will 
be expressed in ft.-kips, or thousands of ft.-lbs. 

At the second support, distributing the unbalanced moment of 150 between 
the first and second spans in the ratio of 6 to 4, we have 90 on the left of the 
joint and 60 on the right of the joint. At the third support, distributing the 
unbalanced moment of 150 between the second and third spans in the ratio of 
4 to 3, we have 86 on the left and 64 on the right of the joint. The signs of 
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these moments are so applied as to make the sums of the moments to right and 
left of the joint equal, or to balance the joint. 

Now considering the first span the moment of -90 at the right end produces 
a carry-over moment of +45 at the left end. Similarly, carry-over moments 
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are written for the ends of each span giving successive values of +45, 0, -43, 
-30, 0 and +32. 


These carry-over moments now produce unbalance at all of the joints, and 
the process of distributing unbalanced moments must again be carried through. 
At the first and fourth supports we have assumed free ends of beam, hence 
moments of-45 and -32, respectively, must be added at these joints to 
produce balance (the zero moment assumed).* The six distributed moments 
then become —45, —-26, +17, +17, -13 and -32. The six carry-over moments 
(4 of distributed moments at opposite end) are +13, +22, -8,-8, +16 and +6. 

In distributing these moments, it is seen that the unbalanced moment at 
the second support is the algebraic difference between +22 and —8, or 30. 
This 30 is distributed in the proposition 18 and 12, with signs assigned which 
will produce balance at the joint. A similar distribution is made at the third 
support. The six distributed moments now are -13, -18, +12, +13, -11 and-6. 


This procedure of distribution may be carried as far as seems desirable. 
If we stop at this point and add values we find end moments as follows: 
0, -112, -112, -72, -72 and 0. In any case it is obvious that the procedure 
should be stopped after unbalanced moments have been distributed to balance 
the joints. Had we stopped after the first distribution, the moment at the 
second support is seen to be —90, after the second distribution it was —116, 
after the third, -112. Ifa fourth and fifth distributions were carried through, 
the values found would be -—113 and -113.5. The exact value for this 
moment is -113.36. The third distribution is seen to give quite satisfactory 
precision in this case. 


Problem 2—Assume the same beam and loading, but with beam supported 
on and rigidly connected to columns. The relative stiffness of each column is 
taken as 1. 


The same procedure is followed as in the previous case. The distribution of 
moments will take into account the share of unbalanced moment to go to 
each column, but it will be more convenient to tabulate only the moments in 
girders, the moments in the columns to be found later by subtraction of girder 
moments at each joint. 


The fixed-end moments are the same as before. 

At the left end of the loaded span the fixed-end moment is distributed to the 
four connecting members in the ratio 6, 1, 1, 4 or 6/12 150 = 75 to the girder 
on the left, 4/12 150 = 50 to the girder on the right. (The joint appears not 
to be balanced because the column moments have not been written.) 

At the right end of the loaded span, the fixed-end moment is distributed to 
the four connecting members in the ratio 4, 1, 1, 3, or 4/9 150 = 67 to the 
girder on the left of the joint and 3/9 150 = 50 to the girder on the right of the 
joint. 

Now carry over one-half of these moments with opposite signs. 

Distribute again. At the left end distribute in the ratio 1, 1, 6 or 6/8 37 
= 28 to the girder. At the next joint distribute in the ratio 6, 1, 1, 4 or 6/12 33 


— 
*Note that there is nothing special about this procedure; the unbalanced moment is dis- 
tributed among the connecting members, but there is only one member. 
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= 16 to the girder on the left and 4/12 33 = 11 to the girder on the right. 
At the next joint 4/9 25 =11 is distributed to the girder on the left and 3/9 25 
= 8 to the girder on the right. At the right end distribute in the ratio 1, 1, 
3 or 3/5 25 = 15 to the girder. 

Again carry over and again distribute. In this case at the first joint from 
the left we distribute 14 + 6 = 20 to the four connecting members. At the 
next joint we distribute 8 + 6. 

Add all figures in each vertical column. The final end moment are 11, 87, 
121, 97, 55, 12. 

The column moments are, for the two columns at the left end, 11, for the 
next pair of columns 121 — 87 = 34, for the next pair 97 — 55 = 42 and for 
the pair at the right end 12. These moments are in each case distributed 
equally between the two columns in the pair because they are equally stiff. 
In any other case they would be distributed in proportion to the column 
stiffness. The signs of the column moments and the direction of curvature in 
the columns are as shown by the sketches. 


FIXED-END MOMENTS 


The fixed-end moment for beams of constant section and for 
uniform load is 1/12 WL where W is the load on one panel. 
Where the load is applied through floor beams, the fixed-end 
moment is C1/12 WL, where 

for one intermediate floor-beam, C= 3/4 
for two intermediate floor-beams Cy=879 
for three intermediate floor-beams, C = 15/16 

For concentrated loads, the fixed ended moment at one end 
may be computed from the formula M’ = a®bPL, where ‘‘a”’ 
is the fraction of the span by which the load is distant from the 
other support, and ‘‘b” is the fraction of the span by which the 
load is distant from the support considered—(a + b = 1) 


M, = ab? PL 
M, = ab PL 


For a series of concentrated loads, the end moments should be 
separately computed and added. 


RECOMMENDED APPROXIMATE METHODS 
The method just indicated, though a method of successive 
approximation, is in no sense an approximate method because 
we can obtain by it results in which the error is made less than 
any assigned quantity. 
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Attempts at great precision in this work are usually futile, 
as explained elsewhere; consequently, the procedure can be 
conveniently abbreviated. This can be done by distributing only 
a few times as explained above. This method is simple but is not 
quite definite because we cannot specify how many distributions 
will be satisfactory. 

Another approximate method which is perfectly definite and 
is usually about as accurate as is a few distributions in the 
method explained above is to distribute first at the unbalanced 
joints and then to carry-over and distribute always away from 
that joint, omitting to carry over the moments back toward the 
joint from which they originate. 

Thus in the first problem solved above we follow the same pro- 
cedure as before in distributing the original unbalanced fixed-end 
moments, and also in carrying over these moments and distribut- 
ing the moments carried over so that the first three lines of the 
solution after writing the fixed-end moment are identical in the 
two methods. When these distributed moments are carried over, 
however, they are carried over in the same direction as before. 
The values +17 and +17 are, then, not carried over to give —8, 
—S8 nor are the end values —45 and —32 carried over to give 
+22 and —16. 

In the second illustrative problem, using this second method of 
approximation, the first three lines after the fixed-end moments 
are again identical with those previously found but the values 
+11, +11 are not carried over (carried back) nor are the values 
—28 and —15 carried over. 

This second method of approximation is that given in the 
writer’s paper ‘Continuity as a Factor in Reinforced-Concrete 
Design” before referred to. It is not as convenient as the first 
method where several spans are loaded. Maximum shears, 
- moments and reactions, however, are most readily determined 
by combining results from loading individual spans. In this 
case the second method is rapid, can be readily condensed, and is 
sufficiently accurate for most purposes. 


CONCLUSIONS 


Experience has shown that the method here presented for 
determining moments at the joints of a rigid frame is easy to 
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remember and rapid to apply. It is the writer’s belief that it 
will be found convenient in design offices. 


A rigid frame in which all the elements of distortion are taken 
into account is undoubtedly better designed than one in which 
arbitrary coefficients are used. This, however, does not seem to 
justify abrupt departure from existing practice in design speci- 
fications. 


But considerations of continuity will be more and more forced 
on the attention of design offices. It is, therefore, recommended 
that our specifications be revised so as to make it permissive to 
use moment coefficients derived from elastic analysis in all cases 
provided adequate provision is made for the elements depended on 
in such analysis. Thus, where the stiffness of columns is depended 
on in computing girder moments, adequate provision must be 
made for the moments resulting in the columns, or where torsion 
of connecting members is depended on, adequate provision must 
be made for such torsion. 


Evidently such a recommendation will ultimately require also 
workable recommendations as to what constitutes adequate pro- 
vision for flexure in columns or for torsion in beams, but anyone 
who will consider the present status of design practice in rigid 
frames should see that the exact details of such provision are less 
important than is some method of encouraging designers to 
recognize the facts and to make any provision at all for them. 


Such a change in specifications should result in appreciable 
reduction in the positive steel requirements in buildings. In 
the writer’s opinion such reduction is perfectly proper where its 
basis is clearly recognized. New possibilities of economy will be 
opened to the skilled designer. 


In considering the advisability of such specifications—especi- 
ally from the viewpoint of building departments or of unscrupu- 
lous designers—it should be recognized that it simply makes 
permissive in the cases which are perfectly regular (Sections 708 
and 709 of the Building Regulations)* that which is now per- 
mitted by the specifications in all other cases. (Section 710 of 
the Building Regulations.) 


py NG Building Regulations for Reinforced Concrete,’’ Proceedings A. C. I., 1928, Vol. 
4,p. 791. 


Simplified Rigid Frame Design 183 


It has been suggested that curves be drawn giving coefficients 
for varying column stiffness similar to those now in use for cases 
of equal spans. The writer has not thought the idea very prac- 
tical at this time. The present system of coefficients does not 
distinguish between live and dead load, and does not use the span 
length between centers of intersection of the members. Such 
curves as proposed would, then, involve four variables—ratio of 
dead to live load, ratio of girder stiffness to column stiffness, 
ratio of clear span to span length between intersection of mem- 
bers, and the moment coefficient. The difficulties involved in 
presenting curves having four variables are very great. 


There exists some difference of opinion among designers as to 
what combinations of loads should be considered in determining 
maxima, especially in regard to the weight to be given in cases of 
split loading. This question at least should be settled before any 
attempt is made toward further standardization. 


Readers are referred to the JouRNAL for April, 1930 for discus- 
sion which may develop. Such discussion should reach the Secretary 
by March 1, 1930. 


A Srupy oF PorTLAND CEMENT Mortars HaAvING 
DIATOMACEOUS EARTH AS AN ADMIXTURE* 


BY JESSE E. BUCHANANT 


There are few subjects presenting more insistent challenge 
to the serious investigator than the use of “‘admixtures’—and 
few such on which more meagre authentic data are to be had. 
If the man in the field feels he must know the answer he often 
investigates just far enough to satisfy himself for an immediate 
occasion and there he is likely to leave the general problem 
dangling. In proposed Specification 502 (Concrete Work on 
Ordinary Buildings)’ t article 10 provides: ‘‘Nothing shall be 
added to the essential ingredients of concrete” etc. The author 
of the specification in his discussion of it clearly implies a 
negative attitude vn the absence of more definitely reassuring 
data. All serious contributions to the subject are therefore wel- 
come.— EDITOR. 


INTRODUCTION 


THE purpose of this study is to compare the behavior and 
characteristics of portland cement mortars containing small 
percentages of diatomaceous earth with identical plain portland 
cement mortars. Powdered admixtures such as diatomaceous 
earth are used to secure uniform, workable mixtures of concrete 
which may otherwise tend to be harsh. Likewise, in mixtures of 
dry consistency, workability has in many cases been secured by 
the use of admixtures. Also, the segregation of ready-mixed 
concrete during transportation has been in some measure elim- 
inated by the addition of small amounts of fine, inert materials 
such as diatomaceous earth and hydrated lime.! 

Considerable study has been given to the quality and character- 
istics of concrete containing admixtures as compared with plain 
concrete. Strengths have been compared probably more than 
anything else. Yield, permeability, absorption, expansion, and 
~ *Thesis for degree of M.S. (C. E.), University of Idaho, 1929. 

tInstructor in Civil Engineering and Testing Engineer, University of Idaho. 
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contraction, are other items which have been variously compared. 
The conclusions reached have not in all cases been consistent. It 
is important that these comparative studies be made and that 
some agreement be found. If, while these admixtures are 
functioning to improve uniformity and workability, they have 
corresponding detrimental effects, these effects must be known 
and evaluated.” 


This paper covers a comparison between plain mortar and 
mortars containing small percentages of diatomaceous earth as 
to yield, strength, and volume changes under various conditions 
of curing. The effects of diatomaceous earth on consistency and 
time of set have also been noted. Fine and coarse sands were 
used in proportions of 1:2, 1:3, and 1:4 by weight. The com- 
parative mixes were all made with a constant water-cement ratio, 
and a wet, almost fluid, consistency approximating the condition 
of mortar used in structural concrete. Comparisons were made 
on mortar instead of concrete in order to eliminate the variables 
which would be introduced by gravel or crushed rock. Com- 
parative results, and not absolute values, were desired. 


DEFINITION OF TERMS AND REVIEW OF PROBLEM 

Yield—The term yield is used here to mean the volume of mortar resulting 
from a mix. Two values of yield for each mix were obtained. One was com- 
puted by assuming the volume of mortar produced to be equal to the sum of 
the absolute volumes of its constituents; the other value was determined by 
measurement. 

Strength—Compressive strength was determined in pounds per square inch 
on 2” x 4” mortar cylinders. 

Consistency—In general, this term has been considered as indicating the 
fluidity or plasticity of a mix as determined by the spread or flow on a flow 
table. 

Workability—W orkability has been regarded as a quality apart from con- 
sistency although it is realized that to some extent workability depends upon 
and varies with consistency. Lack of harshness, internal smoothness, uniform- 
ity, and ability to work and handle with ease are the properties which differ- 
entiate one mix from another as to workability. 


In a study of this kind, there are many variable factors, each 
of which may exert more or less influence upon the results ob- 
tained. In order to compare findings of independent studies, the 
results of each study should be given in terms of the materials 


2Bibliography, references 1, 2, 3, 4, 6, and 9. 
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used, the methods employed, and the conditions maintained. 
General conclusions may then be drawn with some degree of 
certainty and each study will have contributed in some measure 
to the facts supporting such general conclusions. It is anticipated 
that the results obtained in these tests will be considered only in 
terms of the materials, methods, and conditions pertaining 
thereto. ; 

While it is true that many variables enter into the production 
of mortar and concrete, both in the field and laboratory, there 
have been noted some phenomena which are always present.’ 
Portland cement mortar shrinks in volume as the setting process 
takes place. This may be termed the first phase of shrinkage. 
After the mortar is set, if it then is allowed to dry out, additional 
shrinkage takes place; this is called the second phase. The discus- 
sion of volume changes in this paper will be entirely concerned 
with those changes which take place after final set has been 
reached. Temperature has been held constant, and will not be 
considered as a factor. The point of reference for all measure- 
ment of changes is an initial reading taken after 24 hours curing 
in a moist closet at 70° F. With this point of reference in mind, 
it has been noted that mortar subsequently allowed to dry out 
undergoes shrinkage. Mortar continually immersed in water 
expands with respect to the reference point named. Alternate 
wetting and drying is accompanied by expansions and contrac- 
tions. Mortar specimen taken from structures many years old 
have been found to respond to wetting and drying. In general, 
the following interrelated factors influence quantitatively the 
amount of unrestrained volume change which, for given condi- 
tions of exposure, may take place: 

1. Character of materials 

2. Richness of mix 

3. Water-cement ratio of mix 
4, Size of specimen 

It is extremely desirable that volume changes in concrete be 
reduced to a minimum. While it may be granted that diato- 
maceous earth as an admixture serves to improve workability, 
uniformity, and impermeability, the question arises as to its 
influence, if any, on volume changes. It is important that this 


’Bibliography, references 1, 5, 7, 8, and 10. 
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question be answered correctly if possible. Some results have 
already been reported, however, they are not altogether in 
accord.* 


MATERIALS AND METHODS USED 


The materials used in these tests represent the average quality 
used in construction in the Moscow region: 

Portland cement—A well known brand of cement was used in 
all mixes. Sufficient quantity for the entire series was carefully 
-mixed and prepared in advance. The physical characteristics 
determined according to A. 8. T. M. C 9—26 were as follows: 


Specific Gravity 3.12 
Fineness 11.4% retained on 200 mesh 
Time of set 

Initial 3 hrs. 10 min. 

Final 5 hrs. 40 min. Gillmore needles 
Soundness ORS 


Normal Consistency 24% 
Tensile Strength 
7-day 275 lb./sq. in. 
28-day 380 lb./sq. in. 


Sand—Two kinds of sand were used, one coarse and the other 
fine. The coarse sand was obtained from glacial deposits at 
Spokane, Washington. This sand is widely used throughout the 
Inland Empire in concrete construction. 


Specific Gravity 2.67 
Silt and Clay 2.0% 
Strength Ratio 
7-day 121.7% 
28-day 117% 
Organic content A. P. No. 1 
Fineness modulus 3.49 


The fine sand was obtained from Snake River deposits at 
Lewiston, Idaho. 


Specific Gravity 2.70 
Silt and clay 3.0% 
Strength ratio 
7-day 101% 
28-day 107.2% 
Organic content eae Now L i" 
Fineness modulus 2.51 well graded from No. 8 down. 


Diatomaceous Earth--The diatomaceous earth was obtained 
from a deposit in Oregon and represents the average of this 
material on the market as a commercial product. It is a very 
pure diatomaceous earth. 

Retained on 200 mesh 7.2% 


i 4Bibliography, references 1, 6, and 7. 
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TABLE NO. I 


SCHEDULE AND IDENTIFICATION OF MIXES 


Diatomaceous 
Series Proportions : Eafth. Added 
No. Sand by Weight Mix No. % by Weight 
of Cement 
if 0 
Ye i 
I Coarse ey 3 y) 
4 4 
IL 0 
2 2g 
II Coarse 13 3 4 
4 6 
1 0 
2 4 
III Coarse 1:4 o 8 
4 12 
1 0 
2 i 
IV Fine Lee 3 2 
4 4 
il 0 
Dy 2 
V Fine 11253 3 4 
4 6 
1 0 
Py 4 
VI Fine 1:4 3 8 
4 12 


Table I shows the number and identification of tests made. 
Each series consisted of four mixes which differed from each 
other only in the amount of diatomaceous earth added. The 
quantity of admixture is expressed as a per cent by weight of the 
cement in the mix and was added to the mix. Each mix number 1 
of every series was made to the same wet consistency as measured 
on a flow table. Mix numbers 2, 3, and 4 of each series were 
then made with the same amount of water as mix number 1 of 
that series. This means that the water-cement ratios for the 
mixes in a series are constant, but the water-cement ratios of the 
slx series differ. 
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All proportions were measured by weight. Mixing was done 
in a shallow pan in a standard manner, first dry, and then wet. 
Flow measurements were taken as the average of three spreads 
immediately after mixing was completed. Next, a one-tenth 
cu. ft. measure was filled, weighed, and checked. This served as 
the basis for measured yield. Specimens were then prepared. 
From each mix the following test pieces were made: 


6—2” x 4” cylinders 
4—1"” x 1” x 10” bars 
1—time of set pat. 
Every possible precaution was taken to hold and exactly duplicate 


all operations, readings, and conditions. 


C- Coarse Sard F-.3.4-2 
F-Fie Sand FM 2.51 


relative Consistency (Flow) 
Ss 
© 


Oe i Cue 8 OLA 
Diatomaceous earth aapixture per cert by weight of cement 


Fic. 1—CurvVES SHOWING EFFECT ON CONSISTENCY OF MORTARS, 

AS MEASURED BY FLOW, OF THE ADDITION OF SMALL PERCENTAGES 

OF DIATOMACEOUS EARTH. ALL PLAIN MIXES WERE MADE TO THE 
SAME WET CONSISTENCY 


Brass contact measuring plugs were installed in the ends of the 
bars. All specimens were cured in molds under identical condi- 
tions for 24 hours. Readings on time of set pats were taken with 
Gilmore needles in the same manner as taking time of set on 
cement. 

After 24 hours curing, the specimens were removed from the 
forms. Three cylinders of each mix were placed in water to re- 
main until tested at 28 days. The other three were placed in damp 
sand for 13 days after which time they were allowed to cure in 
air until tested at 28 days. 

Initial readings of length were taken on bars after removing 
from molds at the expiration of 24 hours. One bar was placed in 
water. The second bar was left in air in the laboratory. Bar 


190 JourNAL oF THE AMERICAN CoNncRETE INsSTITUTE—Proceedings 


number three was kept alternatively 14 days in water and 7 days 
in air while bar number four was kept 14 days in air and 7 days 
in water. 

Expansion and contraction readings were taken by means of 
a micrometer screw reading, directly to 0.0001 inches. Contact 
was determined by means of a telephone receiver in series with the 
plugs in the ends of the bars. All readings were taken at 70° F. 
Compression tests were made in a 50,000 lb. Riehle machine at a 
cross-head speed of 0.05 in. per min. 


RESULTS 


Consistency—Fig. 1 shows the comparative reductions in 
consistency (flow), as the percentage of diatomaceous earth is 
increased. All plain mixes, 0% admixture, were made to the 
same wet consistency which means, for example, that more 
water was required in the 1:3 fine sand mix than was required in 
the 1:3 coarse sand mix. The figure shows that for lesser amounts’ 
of admixture, the coarse sand mixes had less reduction in con- 
sistency than did the corresponding fine sand mixes. However, 
for the larger percentages of diatomaceous earth, the coarse sand 
mixes were drier than the corresponding fine sand mixes. 
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Diatomaceous earth admixture per cent by weight of cement 


Fig. 2—CoMPRESSIVE STRENGTH OF 2 X 4 IN. MORTAR CYLINDERS 
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RATIO OF MEASURED YIELD TO COMPUTED YIELD 


Proportion 


by Weight 


2 


TABLE NO. II 


Coarse Sand 


Mix No. 
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Per Cent 
Diatomaceous 
Earth 
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Yield—Table II shows the ratio of measured yield to com- 
puted yield for each mix. As previously stated, the volume of 
mortar of each mix was computed from the weights of materials 
combined on the assumption that such volume equalled the sum 
of the absolute volume of sand, cement, water, and diatomaceous 
earth. A value of this volume was also obtained by direct 
measurement. Knowing the total weight of materials combined 
in a mix, the total volume of this combination was determined 
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from the weight of mortar contained in a one-tenth cu. ft. 
measure. 


The possibility of experimental errors entering into these 
determinations is rather high. Since absolute values are not 
desired, comparative results are shown. The table shows that 
in all cases the measured volume is greater than the computed 
volume. It also shows that in any one series the ratio increases 
with the amount of admixture present. 


These comparisons might be interpreted to mean that there is a 
slight increase in volume of mortar above that due to the absolute 
volume of admixture added. This*might be termed ‘‘puffing.”’ 
It is to be noted that this puffing is not due to water, because the 
amount of water in each mix of a single series has been held 
constant. 


Strength—In Fig. 2 are shown the results of compressive 
strength tests on 2” x 4” mortar cylinders. The average of three 
cylinders was taken as the strength of a mix. Since each series 
was made with a different water-cement ratio with mixes of fine 
sand having the larger values, it was expected that coarse mixes 
would show higher strengths. 


With the exception of Series I, (coarse sand 1:2), and Series 
IV, (fine sand 1:2), there appears a general trend to slightly 
increased strength with an increase of admixture for both methods 
of curing. Series I and IV are neither consistent with each other 
nor with the other four series. 


Table IJI shows the unit weights of the various mixes as 
determined from weighing and measuring compression specimens 
immediately before testing. 


Expansion and Contraction— Fig. 3 shows the lineal expansion 
of 1” x 1” x 10” mortar bars cured continuously in water. The 
changes in length are based on initial readings taken after 24 
hours in moist air. Rich mixes have a greater final expansion 
than do lean mixes. Coarse sand bars show greater expansion 
than fine sand bars. 


There seems to be no definite tendency which might be at- 
tributed to the diatomaceous earth admixture. It is not possible 
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TABLE NO. III 


UNIT WEIGHT OF MORTAR. 
BEFORE TESTING 


Curing: 24 hrs. 
moist air; 27 
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DETERMINED FROM COMPRESSION SPECIMENS JUST 


Curing: 24 hrs. 
moist air; 13 


days water |days damp sand; 
14 days air 
Series , Proportion] Mix Per Cent Unit Weight Unit Weight 
No. |by Weight| No. Diatom- Ibs. /cu. ft. lbs./cu. ft. 
aceous (Specimens |(Specimens Dry) 
Earth Saturated) 
1 0 141.9 
I 2 1 142.6 
Coarse 1:2 3 2 140.3 
Sand 4 4 143.0 
1 0 0 NB 6 2 
II 1:3 2 2 A 136.3 
Coarse 3 4 6 135.6 
Sand 4 6 0 6 
1 0 A 0 
Ill 2 4 2 oA 
Coarse 1:4 3 8 9 ZO 
Sand 4 74 6 nil 
1 0) 142.9 8 
IV 2 1 1438.2 8 
Fine Ue 3 2 142.8 6 
Sand 4 4 141.6 6 
r= 

1 0 141.8 2 
Vv 2 2 140.9 0 
Fine 1:3 3 4 141.4 6 
Sand 4 6 140.3 all 
1 0 136.8 125.9 
VI 2 4 139°3 127.4 
Fine 1:4 3 8 137.6 124.8 
Sand 4 2 139.1 127.0 


to conclude that diatomaceous earth increases or diminishes the 


“expansion under water. 


It may, therefore, be said that no 


particular effect on the expansion of these mortar bars con- 
tinuously immersed in water is produced by the percentages of 


admixture used. 


While there are some inconsistencies shown in Fig. 3, there is no 


trend indicated. 


It is expected that concrete made of these 


mortars would probably show less final unit change. The differ- 
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ences between plain and admixture concrete would probably be 
less marked than they are in the case of these mortars. Variations 
of uniformity of concrete produced in the field might be expected 
to cause differences as much or more than those found in Fig. 3. 


Servés I 
Coarse Sand FM. 3.43 
Fluid Consistency 
Plata 1:2 
—---—J/ %adyture 
— — 2% admixture 
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----—2% egvixture 
—— 4% admixture 
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— 2% adterx ture 


Series /V 
Fire Sarid Fs We 2.57 
Fiura Consistency 
Platte bee 
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—— 2% admixture 
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ally [oF 
----4%Qdy ature 
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T177€ 11) Weeks G (17 Water) 


Fic. 3—EXpaNSION oF 1 x 1 x 10 IN. PORTLAND CEMENT MORTAR 
BARS, PLAIN AND CONTAINING SMALL PERCENTAGES OF DIATOMA- 
CEOUS EARTH, CURED IN WATER AT 70° PB 
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Fig. 4 shows graphically the lineal shrinkage taking place in 
1” x 1” x 10” mortar bars cured continuously in air. As in the 
case of Fig. 3, no definite trendis apparent. There are some experi- 
mental variations, but it does not appear that diatomaceous 
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Serres V 
Fire Sond Fi Mth 2-5/ 
Flotd CoryststeriCy 
Praipry 123 
—---2% adanrture 
— — £ % adpyxture 
—-—6% adrrxtureé 


Series Vi 
Fivre Sand Fe Me 2.57 
Fluid Consistency 
Plast J: 4 
____4:% admixture 
— — 8 % @airxture 
—-—/2% edaixture 


Fig. 4—SHRINKAGE OF 1 x 1 x 10 IN. PORTLAND CEMENT MORTAR 
BARS, PLAIN AND CONTAINING SMALL PERCENTAGES OF DIATOMA- 
CEOUS EARTH, CURED IN AIR AT 70° F. 
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earth used as an admixture in these mortars definitely causes a 
greater or lesser unit change under this condition of curing. 


Absolute values of shrinkage are not of particular importance 
in this case, because all mortars are inherently different and have 
corresponding values of final shrinkage. The comparative re- 
sults are considered to be the important ones. 


In Fig. 5 is shown the extent of linear change using coarse sand 
for cycles of curing, 14 days in water and 7 days in air. Fig. 6 
shows the results for fine sand mortar with the same treatment. 
Heavy full lines in the figures indicate the changes taking place 
in plain mortar bars. In order to make the diagrams more clear, 
only the extreme limits of change are shown for the bars con- 
taining the admixture. 
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Fig. 5—SHRINKAGE AND EXPANSION OF 1 x 1 x 10 IN. PORTLAND 

CEMENT MORTAR BARS, PLAIN AND CONTAINING SMALL PERCENT-' 

AGES OF DIATOMACEOUS EARTH; CURED 14 DAYS IN WATER AND 
7 DAYS IN AIR AT 70° F 
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The total change in length for a cycle seems to be approxi- 
mately the same for all bars of a series with the exception of 
Series II. The control bar of Series III was lost and the results 
for that Series have been omitted from Fig. 5. It is strikingly 
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Fic. 6—SHRINKAGE AND EXPANSION OF 1 x 1 x 10 IN. PORTLAND 

CEMENT MORTAR BARS, PLAIN AND CONTAINING SMALL PERCENT~- 

AGES OF DIATOMACEOUS EARTH, CURED 14 DAYS IN WATER AND 
7 DAYS IN AIR AT 70° F. 
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shown that shrinkage during 7-day air curing greatly over- 
balances expansion in 14-day water curing for all but Series I. 


{ 


, Fig. 7 and 8 show similar results. The cycle consisted of 7 
days in water and 14 days in air. The amplitude of change for a 
series seems to be about the same except for Series III. Thisisa 
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Fic. 7—SHRINKAGE AND EXPANSION OF 1 x 1 x 10 IN. PoRTLAND 

CEMENT MORTAR BARS, PLAIN AND, CONTAINING SMALL PERCENT- 

AGES OF DIATOMACEOUS EARTH, CURED 7 DAYS IN WATER AND 14 
DAYS IN AIR AT 70° F 
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1:4 coarse sand mortar. The amplitude of the plain bar is much 
less than the total change of the bars containing admixture. 
However, the three bars containing respectively 4, 8, and 12 per 
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Fic. 8—SHRINKAGE AND EXPANSION OF 1 x 1 x 10 IN. PORTLAND 

CEMENT MORTAR BARS, PLAIN AND CONTAINING SMALL PERCENT- 

AGES OF DIATOMACEOUS EARTH, CURED 14 DAYS IN AIR AND 7 
DAYS IN WATER AT 70° F. 
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cent of diatomaceous earth have approximately the same ampli- 
tude. The plain bar may be defective. 


Under this type of curing the shrinkage in air is much greater 
than the expansion in water. 

Time of Set—In all cases the time of set for mortars containing 
admixture was less than for plain mortars. In general, a greater 
percentage of admixture was accompanied by a decreased time of 
set. While this was true for mortars, the shortening for the con- 
ditions of these tests was not of such magnitude as to hamper or 
limit the usefulness of mortars containing admixture as com- 
pared to plain mortars. 


CONCLUSIONS 


In terms of the methods, conditions, materials, and experi- 
mental variations of these tests a few general statements may be 
formulated: 


1. With a constant water-cement ratio, the consistency of a 
mortar as expressed by flow decreases as the per cent of dia- 
tomaceous earth is increased. 


2. The use of diatomaceous earth as an admixture in these 
mortars causes a puffing, or an increase in volume of mortar, 
which is slightly more than the absolute volume of admixture 
added. 

3. The compressive strength of 1:3 and 1:4 (by weight), 
mortars containing small percentages of diatomaceous earth is 
approximately equal to or slightly greater than identical plain 
mortars of the same water-cement ratio. 

4. No appreciable nor consistent difference in expansion when 
stored in water, or contraction when stored in air is noted in 
these tests between plain mortar bars and mortar bars containing 
small amounts of diatomaceous earth as an admixture. 

5. Shrinkage in air is generally larger than expansion in water 
for these mortars when subjected to alternate storage in water 
and air. 

6. The shortening in time of set of these mortars increases 
with the amount of diatomaceous earth used. 
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Readers are referred to the JouRNAL for April 1930, for discussion 


which may develop. Such discussion should reach the Secretary by 
March 1, 1930. : 


A Mertuop Or DreterMINING THE CONSTITUENTS OF 
FRESH CONCRETE 


BY W. M. DUNAGAN* 


DISCUSSION 


Tue art of manufacturing concrete has reached a stage at 
which the quality of a given concrete is definitely established if 
the actual constituents of the mixture as finally placed are 
accurately known. The big problem to date has been to control 
the operations so that the predetermined proportions of the 
various materials to secure concrete of definite quality, are 
placed in the mixer. To this end the engineer has had to concern 
himself with the problem of field control of the entire project, 
taking the responsibility as to the proportions of materials, the 
determination of unit weights, making of sieve analyses and 
moisture determinations, and supervising the details of measure- 
ment, mixing, transporting, and placing. The resulting concrete 
has depended largely upon the skill and determination of the 
engineer in the execution of each of the above operations. Up to 
date he has had no way of directly checking the character or 
uniformity of his product, as placed in the forms, except to await 
the results of strength tests at some later period. 

The test outlined in this paper makes available another solution 
to this problem of securing a desired quality of concrete. It 
makes the fullest use of all present day knowledge as to what 
constitutes concrete of a given quality; it attacks the problem in a 
direct manner with the maximum economy of time and expense. 
The solution offered is to take samples of the fresh concrete from 
the structure at any point and determine the amounts of its 
significant constituents, namely the water, cement, fine and coarse 
aggregate. The inspector need not concern himself with volume 
measurement or moisture determination, nor any of the details 


*Asst. Professor Civil Engineering, lowa State College. 
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of how the most suitable mixture is obtained, but need only 
determine that the specified concrete has been placed in the forms 
and that correct curing procedure follows. The test as outlined 
here can be run on any batch of concrete in about 15 minutes. 
The concrete may be tested at any time before it has definitely 
hardened, a period of several hours after placing. Since on any 
given job it is not necessary to check up on the material more than 
once every 2 hours, any competent inspector can bandle this 
test along with his other duties. 

The idea of making such a test is far from new; solutions by 
other methods have been offered by G. S. Griesenauer, R. L. 
Bertin, and W. I. Freel.* However, the simplicity of the 
principle and its adaptation to field use in the test shown here 
makes it of an immediately practical nature. 


The principle used throughout is the old Archimedian principle 
of water displacement, eliminating all necessity for the drying 
out of any of the constituents. The displacements of the ma- 
terials are measured from their buoyancy in water. One feature 
of the test that is of particular advantage is that except for the 
initial weighing in air which should de done as soon as this sample 
is selected, the test can be deferred to any time within the setting 
period, for after the initial weighing of the sample in air any water 
lost is of no consequence since ‘‘water in water weighs nothing.” 


DETAIL OF PROCEDURE 


(1) Take a sample of concrete either from the mixer discharge 
or from the mass after once in place and determine its weight in 
air to the nearest gram. 

For the apparatus as shown (Fig. 1) a sample of from 3000 to 
4000 grams was found to be easily handled; a larger sample may 

be tested by a series of tests on subdivisions. With scales bal- 
anced and the large can “‘Q”’ filled to the overflow, place sample 
in pan on the right beam and weigh by putting weights on left 
counterbalance beam using slotted weights as indicated. 

(2) Determine the weight of this sample immersed.in water. 

To do this remove container ‘“C,” leaving a small amount of 
water in it and pour the sample into it stirring to remove en- 


*M. S. Thesis, Purdue University, 1929. 
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trained air; allow to settle one minute and immerse in “Q,” 
refilled to overflow level. The difference between this weight and 
the original weight in air is the buoyancy and is a measure of the 
absolute volume of the solid material in the sample of concrete. 


(3) Remove can ‘“C” and pour sample on nested No. 4 and 
100-mesh sieves (Fig. 2) and carefully wash the cement through 
a 100-mesh sieve. 


Calibration werght 
Space above ror 

fo00 and 2000 gf: WIS.\ Constant 
a water /eve/ 


Flat slotted 1m i Diihre Scale weights 
1000 of werghts an = | / to 2000 gr 


Fig. 1—ARRANGEMENT AND EQUIPMENT OF SPECIFIC GRAVITY 

APPARATUS, WITH ORDINARY BALANCE SCALE, TO DETERMINE 

MOISTURE CONTENT OF AGGREGATE AND THE CONSTITUENTS OF A 
FRESH CONCRETE MIX. 


This separates the samples into three parts, cement (through 
No. 100), fine aggregate between No. 100 and No. 4, and the 
coarse aggregate retained on No. 4. The small tub shown, is 
used filled with water but running water will help speed up the 
separation; no care need be taken to recover the cement or water 
but care should be taken that none of the aggregate is lost. 
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(4) Determine the immersed weight of the fine and coarse 
aggregate. 


This is done by first weighing the coarse aggregate in container 
“C” immersed in the can “Q” and then introducing the fine 


Naé8 and No.4 mesh standard screen scale sieves 


Openings cur ip 
S/iges and covered & 
with No. /00 mesh & 
SCEENIN”G 


ud PT en 


We SF 
No. /00 mesh standard screen scale sieve 


JOR, 


aggregate on top of the coarse (remove ‘‘C”’ to do this) so as to 
secure the total displacement of both fine and coarse and at the 
same time the relative amounts of each aggregate. This com- 
pletes the test. The computations then necessary are slide rule 
work or simple arithmetic. 

The test will be simplified if a scoop-shaped pan is used on the 
right hand scale pan when the scale isin balance. (Fig. 3) With 
two of these scoops of exactly the same weight for interchange- 
ability the test can be still further speeded up. 


EQUATIONS USED 


Note: The difference between the weight immersed and the 
weight in air is the weight of the displaced water or buoyancy. 

Most of the relations in this test will be obvious from the tabu- 
lation of Table 1. Only one formula is necessary. 
Let X = weight of a material in air 

/3 = weight of the material immersed in water 
X—W, = buoyancy 
=weight of displaced water 

_ The volume of displaced water = apparent absolute volume of material. 


Specific gravity = weight of the material in air = _ X 
weight of displaced water X—Wg, 
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from this; 
Sp. Gr. ) 
mT CMRP Fe cca eects Gis es chantice «coll 
SE (= Gr.—1 


From this formula and the data from the successive weighings 
the exact quantities of the 3 solid ingredients are determined. 


Fic. 3—ScaALE BALANCED FOR TEST; NOTE PAN WITH SCOOP 
ATTACHMENT ON SCALES AND ONE OF DUPLICATE WEIGHT TO 
INTERCHANGE. SLOTTED WEIGHTS AT LEFT WEIGH 1000 GRAMS 
EACH. No. 100 SIEVE HAS MESH IN SIDES AS WELL AS BOTTOM. 
THIS DEVICE, SIMPLIFIED AND IMPROVED, IS NOW AVAILABLE COM- 
MERCIALLY IN A COMPACT UNIT FOR FIELD USHE. 


Fic. 4—NorTeE conrainer “c” REMOVED, OF SUCH SIZE AS TO 

ALLOW CONTENTS OF INVERTED SIEVES TO BE WASHED INTO IT 

DIRECTLY. SMALL TUB AT RIGHT FOR WASHING CEMENT THROUGH 
THD SIEVE. 
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Its application is brought out in Table I, which gives the results 
of a particular test. 


TABLE I—DETAILED COMPUTATION FOR A TEST 


Material Used: Cement Sp. Gr. = 3.10 
Spr! = OE eae 
Cravelan =. 2570 
WelehtoissoampleineAimani Grams einai ayeieele ore ciate ee eee 3135 
Weems pees: MotaliSample Grn pe eepiecste ehh Ao can 6 1848...... 
Sandrand «Gravel qcncacrs see een 1555 IF o556e% 
oe «s DAN GLON Vewe eyeeer rade ech bese. G8Oiag es ge eae 
. ss Gravela (itis) Rees: syst: eereae eae SOGsa Sle Urea rncrs 
a gf Gementa (ithe) eae se wate ere chases AUR Geet 
Actual Weight of Materials 
Cement (from Eq. 1) 293 x 3.10 = 433 
SRO = IF 00 
Sand 689 2.66 = 1107 
2.66—1.00 
Gravel 866 x 2.70 = IB 7 
70-00 
Total Solids 2917 2917 
Net water used (diff.) 218 
218 
W/C "433 — = .503 by weight 
.76 by volume 
= 5.7 gals. per sack 
Proportion by weight 433:1107:1377 ' 
3 PH 45958). lke) 
Actual materials used in 
W 
this batch SLBA AHA ance "a .755 by volume. 


The difference between test results and known proportions used indicates 
the accuracy of the method. 


This particular test was run as a demonstration for a group of interested 
concrete men in the Chicago Laboratory of the Portland Cement Association. 


DETERMINATION OF SPECIFIC GRAVITY 


In making this test certain definite data must be obtained from 
the aggregates prior to the test; the care to be taken in obtaining 
these data depends upon the degree of accuracy with which the 
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OTHER ANALYSES 


This table is typical of other results obtained by this method. 


Using High Early 
Strength Cement 
Used Analysis 


Using _ 
Porous Limestone 
Used Analysis 


Using 
Blended Cement 
Mix Used Analysis 


c ok 1 

Sie eo V1 
Pele t2 1.85 
W/C .505 .496 


job is to be controlled. The solutions given here were run under 
conditions allowing very close precision and yet under trying 
conditions, since in most cases the aggregates were dry and 
therefore were absorbing water during the progress of test. This 
condition would not hold in the field as the problem of absorption 
of at least one material, the sand, is eliminated; in fact, this test 
is more adaptable to field use with moist aggregates than for 
laboratory conditions where the material is often dry. The 
typical problem illustrated in Table I was run on wet material 
under field conditions. The data necessary for running such a 
test is as follows: 


(1) The specific gravity of the cement. For this test this is 
best determined in the apparatus shown, rather than by the 
standard LeChatelier flask. In determining this property of the 
cement it should be borne in mind that water displacement or 
buoyancy of the cement varies with the time after which it has 
been wet. The accompanying curve (Fig. 5) shows how this 
varies for a typical portland cement. It is necessary to use these 
data only in case of special investigations as an assumption of 
3.10 as the specific gravity of portland cement is usually close 
enough. This change is due to the absorption of the cement over 
the period of time, at a given rate. Once this rate has been 
established the curve may be used to determine the correct value 
for the time used or some definite time after mixing may be 
adopted for use. 


(2) The specific gravity of the sand and coarse aggregate 
should be determined in the same manner; the two aggregates 
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being tested separately since in many cases the sand and stone 
are of different specific gravities. The specific gravity determined 
in this manner is the approximate apparent specific gravity as 
defined by the A. S. T. M.* 


Tn all of the cases shown a typical concrete sand was used. 
Since for most sands from 2 to 4% by weight pass the 100 mesh 
sieve and from 1.5 to 2.5% by weight of cement is retained on 
this sieve, little error will be encountered from this cause except 


Soecitie Gravity 
See acre agi 
RBRRRSA 


Va ee reiting With A 


Jdey, De 


in rare cases where correction should be made. Such a correction 
is easily made if the amounts passing the No. 100 sieve are pre- 
determined, as is usually done in determining the acceptability 
of the sand for use. 


GENERAL NOTES 


The entire test may be run under most conditions from the 
displacement data. In case the aggregates are of uncertain 
_ specific gravity or are from a source where this property is known 
to vary, it is necessary to determine the actual amount of aggre- 
gate by drying. However, the displacement of the aggregate 
must be secured since the displacement of the cement is the 
difference between that of the entire sample and that of the 
aggregate; since the water in the sample weighs nothing in water, 
it is automatically eliminated after the first weighing in air. 


*Serial Designations C-68, 28T; D30-18 . 
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In choosing the sample it was found desirable to weigh a 
sample as placed on the scales so as to avoid picking over the 
sample and possibly making it non-representative. 


The device as shown was developed in the field on actual con- 
struction work; it will be observed that the size of the cans, the 
weights, sieve openings, and general arrangement have been 
worked out so as to speed up the test. There are no breakable 
parts and the whole set-up is permanent and relatively inex- 
pensive. All that is necessary is plenty of water. The data show 
that this test can be run quickly with results well within the 
accuracy required of such a test. 


It is interesting to note* that this apparatus using the same 
data as that used for determining the constituents of the fresh 
concrete provides probably the quickest and most accurate 
method of making moisture or absorption determinations for 
field control. The large can “‘Q” has been designed of such a 
size that it can be used for making unit weight determinations; 
the data thus obtained along with the absolute volumes obtained 
in the second weighing during the analysis of the fresh concrete 
provides a method of securing void determinations. 


With such a test available the question is immediately raised 
for engineers: From which end of the mixing operation shall we 
control the quality of the concrete? The segregation test can 
be run in as short a time as present day moisture determinations 
and the actual product may be tested in its final position in the 
structure. One inspector may control several small jobs if it is 
known that he may take samples from the material at any time, 
and batches from central mixing plants may be checked by 
taking samples to nearby laboratories. 


This contribution to the problem of field control also brings 
many research problems, involving the question of uniformity, 
nearer to solution. 


Readers are referred to the Journau for April 1980, for dis- 
cussion which may develop. Such discussion should reach the 
Secretary by March 1, 1930. 


*See Hngineering News-Record, p. 738, Novy. 15, 1928. 


MoMENT AND SHEAR DIAGRAMS FOR ConTINUOUS 


BEAMS AND Ricip BurtpiIne FRAMES 


BY NORMAN M. STINEMAN* 


THE FouR diagrams of moment and shear curves for continuous 
beams and the fourteen diagrams pertaining to rigid building 
frames which accompany this paper as Diagrams 1 to 18, in- 
clusive, were originally prepared in the spring and summer of 
1929 for the Sub-Committee on Reinforced Concrete of the 
Committee on Materials, Loads and Stresses appointed by the 
Merchants’ Association of New York to prepare a new building 
code for that city. The action of the Merchants’ Association 
was undertaken upon the invitation of the mayor of the city. 
For convenience, the sub-committee just mentioned, of which 
the author of this paper was a member, will hereinafter be desig- 
nated as the New York Sub-Committee on Reinforced Concrete, 
or the New York Sub-Committee. 

The Tentative Building Regulations for Reinforced Concrete 
issued by the American Concrete Institute under date of May, 
1928, were utilized as the working basis for the sub-committee’s 
report. However, after extended discussion of the moment 
coefficients specified in Sections 708 and 709 of the American 
Concrete Institute regulations, the committee felt that designers 
who wish to compute the actual moments and shears determined 
from the principles of mechanics should not be hampered by 
arbitrary coefficients. 

Engineering literature, both in this country and in Europe, 
contains many highly technical papers on the analysis of con- 
tinuous beams and rigid frames. As a rule, however, the work 
has fallen far short of being made intelligible to the average 
structural designer. The members of the New York Sub-Com- 


*Editor of Concrete, 400 W. Madison St., Chicago: formerly Structural Engineer, Portland 
Cement Association. 
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mittee on Reinforced Concrete realized fully the importance of 
employing more exact methods of analysis than those ordinarily 
followed in the design of the structural frames of buildings; but 
they realized equally well the necessity for having such informa- 
tion available in convenient and usable form. If the general run 
of structural designers, more especially those engaged in design- 
ing the structural frames of buildings, are to be induced to make 
more accurate analyses of structures they must be given reason- 
ably accurate design data in more convenient form than has been 
given them heretofore. 

A modification of the foregoing paragraph may be made with 
respect to continuous beams, for which tabulations and diagrams 
have been published in forms that are quite convenient to use. 
The trouble has been that in many cases the authors limited their 
calculations to three spans. Several French and German hand- 
books include values of bending moments in continuous beams 
up to five or six spans. 

The foreign-language handbooks and textbooks obtained or 
consulted by the author contain little of value on the subject of 
rigid building frames. American textbooks include considerable 
data on such frames; but here the designer is again confronted by 
the fact that too much preliminary work is left to him. The 
average structural designer is dismayed, and with good reason, 
when he is confronted by complicated diagrams and curves 
involving the use of a number of variables which are not clear to 
him. If he can determine the meaning of such variables and the 
method of using the diagrams and curves only by careful study 
of many pages of text of a highly technical nature, he will in 
most cases not undertake the task. The truth is that in most 
designing offices he would not be permitted to take the time 
necessary to follow the calculations through, even if he were 
inclined to do so. The final result is that he falls back on the 
more convenient, though inaccurate, bending moment coefficients 
specified in the city building code. 

DISTINCTION BETWEEN CONTINUOUS BEAM AND RIGID FRAME 

There is an unfortunate lack of information regarding the 
dividing line between a continuous beam and a rigid frame. The 
designer is expected to use his judgment in the matter; but in 
most cases the regulations in the city building code decide the 
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matter for him by making no distinction. Most building codes 
specify arbitrary moment coefficients for continuous beams and 
girders, and apply those same coefficients to beams and girders 
which frame into columns. 

The New York Sub-Committee on Reinforced Concrete has 
provided a definite and logical dividing line. A line of beams 
framing into other beams or girders at the same point but on 
opposite sides shall be considered and designed as continuous 
beams. Beams or girders framing into columns and built to 
act integrally with such columns shall be considered and designed 
as parts of rigid frames. In the special case where the girders 
run in one direction only, with small joists framing directly into 
the girders, the joists which frame into the columns would, 
under this definition, constitute a part of a rigid frame rather 
than a continuous beam. For practical reasons, however, a joist 
so located may be reinforced in the same manner as the remaining 
joists, which under this definition have been designed as con- 
tinuous beams. The designer will be on the safe side in doing this. 

Following the distinction made between continuous beams and 
rigid frames, the New York Sub-Committee report then continues 
with a provision to the effect that the positive and negative 
bending moment and shear coefficients at any section and the 
location of the points of inflection in slabs, beams, girders and 
columns, whether freely supported, continuous or restrained, 
shall be determined on the basis of recognized principles of 
mechanics for those combinations of loading which will cause 
maximum stress at the section. 

The provision just quoted was amplified in the New York Sub- 
Committee report by a note recommending that the moment and 
shear charts accompanying this paper be accepted as indicating 
standard practice in this respect. 

FLOOR SLABS OF SHORT SPAN 


The only deviation made by the New York Sub-Committee 
was in reference to ordinary floor slabs framing into beams or 
girders at one or both edges, and whose span is not in excess of 
eight feet. For such floor slabs framing into beams or girders 
at both edges the committee specifies a center moment of wL?/16 
and a negative moment of wL?/12 at the supports. Where such 
slabs are freely supported at one edge, the positive moment near 
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the center of the span is assumed at wL?/12 and the negative 
moment at the continuous edge is assumed at wL?/10. The 
distance from the face of a continuous support to the point of 
inflection in these floor slabs is assumed at 1/5 of the span length. 

Arbitrary coefficients for floor slabs of spans not exceeding 
eight feet can be justified from the fact that the bending moment 
in short slabs is not great, and the further fact that the beams 
and girders which support the slabs in many cases are large 
enough to create a condition approaching complete fixity. The 
moment coefficients selected for this special case are conservative. 


METHODS EMPLOYED IN COMPUTING VALUES FOR DIAGRAMS 


While the methods employed in computing the moment and 
shear values for the diagrams need not enter into an understand- 
ing of the use of the diagrams, an explanation of the computations 
will nevertheless be given. The following notations and defini- 
tions will be of interest: 


A continuous beam is a beam framing into other beams or girders and extend- 
ing over two or more spans. 

A rigid building frame consists of a system of girders and columns in which 
the girders and columns are built to act integrally with each other. 

The stiffness factor of a column, girder or other structural member is the 
numerical value obtained by dividing the moment of inertia of the member, 
expressed in inches to the fourth power, by its free length, expressed in inches. 

Column stiffness and girder stiffness are terms employed to denote the degree 
of stiffness represented numerically by the ‘‘stiffness factor.” 

The free length of a column is the length between the floor level and the cap of 
a column in a flat-slab system, or between the floor level and the under side of 
the lowest intersecting girder above, extending in the direction in which 
moments are being considered. The free length of a girder is the length between 
faces of supports, or between supporting brackets. 

w = Uniformly distributed dead load and live load combined, in lb. per lin. 
ft., with the live load placed to produce the greatest moment or shear at the 
point in question. When the dead load alone is considered, w is the dead load 
in lb. per lin. ft. 

L = Span length in feet, measured from face to face of supports. In con- 
nection with the computation of the stiffness factor of a girder, L is the free 
length of the girder and is expressed in inches. 

H = Free length of a column or strut, expressed in inches when its moment 
of inertia is expressed in inches to the fourth power. 

I = Moment of inertia of a girder, column or other structural member ex- 
pressed in inches to the fourth power. Jn the case of a reinforced concrete 
structural member the “transformed” section of the steel must be taken into 
account. 


tne 
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= The “stiffness factor” of a beam or girder. 


[RE] 


nH = The “stiffness factor” of a column or strut, or similar structural member. 


COMPUTATIONS FOR CONTINUOUS BEAM DIAGRAMS 


So far as the continuous beam curves are concerned the work 
was comparatively simple. While most text-books dealing with 
continuous beams stop with three spans, moment and shear 
values for continuous beams of four and five equal spans were 
obtainable from French and German handbooks. Only a 
moderate amount of original work was necessary to prepare the 
bending moment curves. 

For the shear values at the mid-point of continuous beams, 
however, considerable work was required because of the absence 
of published data covering this special case. For illustration, 
consider the case of the maximum positive and negative shears 
at the mid-point of the third span of a continuous beam of five 
equal spans. The maximum positive shear at the center of the 
span is obtained by placing live loads on the second and fifth 
spans and on the right half of the third span. The maximum 
negative shear at the same point is obtained by loading the first 
and fourth spans and the left half of the third span. The shear 
values at the mid-points of four and five equal spans were ob- 
tained only after making a complete analysis. 


COMPUTATIONS. FOR DIAGRAMS FOR RIGID BUILDING FRAMES 


The diagrams covering rigid building frames involved an 
enormous amount of computation, due in part to the scarcity of 
previously published data on the subject, in part to the complexity 
involved in the consideration of both columns and girders, and in 
part to the variation in the size and stiffness of the columns as 
compared with the stiffness of the girders framing into them. 

The following structural conditions are involved in the analyses 
for the rigid building frame diagrams: 

(1) Intermediate story, with the wall-end of the girder framing into a wall 
column (columns both above and below the girder). 

(2) Top story, with the wall-end of the girder framing into a wall column 
(columns below the girder only). This is a special case of that in paragraph (1) 
as explained in the notes on the diagrams. 

(3) Intermediate story, with the wall-end of the girder freely supported 


(columns both above and below the girder). 
(4) Top story, with the wall-end of the girder freely supported (columns 
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below the girder only). This is a special case of that in paragraph (3), as ex- 
plained in the notes on the diagrams. 

It was considered unnecessary to analyze these frames beyond 
the third span from the end, on the assumption that for all prac- 
tical purposes additional interior spans might be designed on the 
basis of the moment and shear values in the third span. The 
later analyses indicated that this assumption is correct. 

For a structure having only three spans, a close approximation 
will be obtained by using the curves in the first span and the left 
half of the second span, then using the same curves for the other 
half of the structure, considered reversed. 

If a structure has four spans, design the first two spans in 
accordance with the first two spans of the diagrams; then consider 
the structure reversed and design the remaining two spans in the 
same way, namely, in accordance with the first two spans of the 
diagrams. 

The diagrams are not directly applicable to the design of a 
structure of, two spans, although a fairly close approximation 
will be obtained by designing each span in turn in accordance 
with the first span of the diagrams. 

The rigid frame analyses are based on the work of 8. C. Hollister, 
published in Section 10 of Hool and Johnson’s ‘‘Concrete Engin- 
eers’ Handbook.” Mr. Hollister’s work is based on the slope- 
deflection method of analysis developed with the aid of the 
principle of area moments. In so far as the final result is con- 
cerned, his work deals only with spans of equal length; or, more 
properly stated, with the case where the stiffness factors of the 
girder spans are equal. It was therefore necessary to amplify 
his analysis to the extent of developing more general formulas 
applying to unequal spans and to columns of unequal size. 

In order to obtain the results desired, formulas were developed 
for the general case of unequal span lengths (or girders having 
unequal stiffness factors), with columns above and below the 
girders having unequal stiffness factors, and with adjoining 
columns in the same story having unequal stiffness factors. 
From these general formulas, which have been omitted from this 
paper, the actual moment and shear values for the special case 
of girders with equal stiffness factors (practically equal spans) 
and columns in the same story having equal stiffness factors were 
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then computed. The curves were plotted from those values 
for equal spans, as shown in the diagrams. 


Further modifications were made in the bending moment 
curves in half of the rigid frame diagrams as the result of a care- 
ful check by G. C. Staehle, structural engineer in the general office 
of the Portland Cement Association. He employed independent 
computations of a more complex character. His computations 
agreed very closely with the author’s computations for the rigid 
frame set of diagrams in which the wall-end of the girder is 
freely supported. 


For the diagrams covering the case where the wall-end of the 
girder frames into a wall column, Mr. Staehle’s computations 
indicated a somewhat greater difference in moment values, the 
amount of difference being appreciably large in several cases. 


In general, Mr. Staehle’s computations indicated an increase 
in the bending moments at the first interior support, a decrease in 
the bending moments at the wall-end and at the right end of the 
second span, and a negligible decrease at both ends of the third 
and remaining interior spans. 


Expressed graphically, the bending moment curves were tilted 
to the left in the first span and to the right in the second span. 


The greatest differences in value occurred at the first interior 
support in Diagrams 5 to 11, inclusive, where the negative bend- 
ing moment was appreciably larger in Mr. Staehle’s computa- 
tions. In view of the higher degree of accuracy in the method 
used by him, the curves were modified to conform to his results. 


EXTENT OF RIGID FRAME ANALYZED 


The extent of the rigid frame considered in the analysis and 
computations for the moment and shear diagrams is shown in 
Fig. 1. The frame analyzed consists of two pairs of columns and 


Fic. 1—EXTENT OF RIGID FRAME CONSIDERED IN ANALYSIS. 
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a line of three successive girder spans. 


On first impression the designer may feel that the extent of 
this frame is too restricted. For instance, if we were to consider 
the structural frame of a building such as the one shown dia- 
gramatically in Fig. 2, we would get the maximum positive 
bending moment at the middle of the girder span AB by placing 
a live load as shown, on alternate panels throughout all stories 
of the building. This maximum bending moment would occur 
on the further assumption that the remaining alternate panels 
carried no live load. 


icc 
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Fig. 2—DIstTRIBUTION OF LIVE LOAD FOR THEORETICALLY 
MAXIMUM POSITIVE BENDING MOMENT IN GIRDER A-B. 


There are two reasons why the calculations should not be 
carried to so great anextreme. First, it would require an unusual 
stretch of the imagination to draw a mental picture of a building 
with so perfect a load distribution. In the second place, the 
loads in the remoter parts of the structure would have an infinitely 
small effect on girder AB. 


The truth of the latter statement may be realized when we 
consider what effect a uniformly distributed load on girder AB 
will have on a span so near at hand as the adjoining span AC. 


Moment and Shear Diagrams 219 


Computations disclosed that with the sum of the stiffness factors 
of girders AB and AC equal to the sum of the stiffness factors of 
Columns AF and AH, the bending moment at the left end of 
girder AB is 7/96wL?, and the sum of the bending moments in 
the two columns is 6/96wL?, leaving an unbalanced bending 
moment of only 1/96wL? to be taken by the right end of girder 
PANG. 

The relation between the sum of the stiffness factors of the 
columns and the sum of the stiffness factors of the girders used 
in the foregoing illustration is the relation likely to occur at 
about the second or third story from the top of a building. In 
stories further down, where the sum of the stiffness factors of 
the columns may be five or ten times that of the girders, prac- 
tically all of the bending moment at the left end of girder AB 
(due to a uniform load on that girder) will be resisted by the 
columns, very little being carried across to girder AC. For 
instance, if the sum of the stiffness factors of columns AE and 
AH is five times the sum of the stiffness factors of girders AB 
and AC, a uniformly distributed load on girder AB will produce 
a bending moment of 31/384wL? at the left end of girder AB, 
30/384wL? in the two columns, and only 1/384wL? at the right 
end of girder AC. 

From the two foregoing illustrations the author felt justified 
in agreeing with Mr. Hollister’s conclusions that the frame shown 
in Fig. 1 is a unit of sufficient extent for all practical purposes. 

RANGE IN RATIO BETWEEN COLUMN STIFFNESS AND GIRDER 
STIFFNESS 

The next step comprised a consideration of the probable 
extremes in the ratio between the stiffness factors of columns and 
the stiffness factors of the girders framing into them. In the 
general formulas the terms representing the influence of the 
columns above and below the girder always appeared in pairs 
and with prefixes of equal value. Without going into further 
discussion of this point, it will be sufficient to refer to the effect 
of the fact just stated. This will be found in Note No. 6 on the 
diagrams. As stated in that note, the column moments shown in 
the diagrams are based on the assumption of equal stiffness in 
the columns above and below the girder. The lower of two col- 
umns in the same vertical line, if they are of the same free length, 
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naturally has the greater stiffness factor; but the sum of the 
bending moments taken by the two columns remains unchanged 
so long as the sum of their stiffness factors remains unchanged. 

The foregoing statement can be made more understandable 
by an actual illustration. Refer, for example, to Diagram 8, and 
consider the upper and lower columns at the second interior 
support. To fit the case of this particular diagram, assume that 
the stiffness factor of each girder is 45, that of the upper column 
is 36, and that of the lower column is 54. Thus the sum of the 
stiffness factors of the columns is equal to that of the girders. 
Assume further that the girders have a clear span of 20 ft., that 
the dead floor load is 1,000 lb. per lin. ft., and that the live floor 
load is twice as much, or 2,000 Ib. per lin. ft. On the basis of 
these assumptions the diagram shows a maximum bending mom- 
ent of 0.02 wL?, or 24,000 ft.-lb., in each column, making a total 
of 48,000 ft.-lb. in the two columns. As perviously stated, the 
actual bending moment taken by either column is in direct pro- 
portion to its stiffness factor. Consequently the upper column 
will take 36/90 of the total, or 19,200 ft.-lb., while the lower 
column will take 54/90 of the total, or 28,800 ft.-lb. 

Shears in columns were not plotted, inasmuch as their values 
may be obtained by dividing the bending moment in any column 
by the distance from the section of maximum moment in the 
column to its point of contra-flexure. 

Returning now to the probable range of the ratio between the 
stiffness of columns and the stiffness of girders, the author 
studied the plans for a reinforced concrete building 16 stories 
high, designed for a live load of 150 Ib. per sq. ft., and with floor 
girder spans of about twenty feet. The moment of inertia of a 
typical roof girder and a typical floor girder were computed and 
the stiffness factor of each was obtained by dividing the moment 
of inertia (expressed in inches to the fourth power) by the free 
length (expressed in inches). Similar computations were made 
with respect to a typical vertical line of columns. 

From these computations it was learned that the stiffness 
factor of the top-story column was only about 1/5 of the stiffness 
factor of the roof girder. In the third story from the top the 
stiffness factor of the column was slightly greater than that of 
the typical floor girders. In the basement story the stiffness 
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factor of the column was about fifteen times the stiffness factor 
of the floor girders. 

Trial computations disclosed that even in cases where the 
stiffness factor of the column is five times that of the girder the 
condition approaches very closely to the condition of complete 
rigidity. It was therefore not considered necessary to carry the 
comparison beyond a ratio of ten. That is to say, when the sum 
of the stiffness factors of the columns is 10 times the sum of the 
stiffness factors of the girders framing into them, the moments 
and shears in those girders are for all practical purposes the same 
as if the ends of the girders were completely fixed. 

In view of the foregoing, the values of bending moments and 
shears were computed for seven different relations between 
column stiffness and girder stiffness. These seven relations, as 
shown on the diagrams, include the following: 

(1) The sum of the stiffness factors of the columns is one-tenth the sum of the 
stiffness factors of the girders. 

(2) The sum of the stiffness factors of the columns is one-fifth that of the 
girders. 

(3) The sum of the stiffness factors of the columns is one-half that of the 


girders. 
(4) The sum of the stiffness factors of the columns is equal to that of the 


girders. 
(5) The sum of the stiffness factors of the columns is two and one-half times 


that of the girders. 
(6) The sum of the stiffness factors of the columns is five times that of the 


girders. 
(7) The sum of the stiffness factors of the columns is ten times that of the 


girders. 

These seven different relations between column stiffness and 
girder stiffness, combined with the four different structural con- 
ditions previously mentioned, required the construction of 14 
diagrams to cover all cases. The frame resulting from the roof 
girders and the top story columns constitutes a special condition 
readily solved from the diagrams. 

NOTES ON DIAGRAMS 


Before discussing the actual use of the diagrams it might be 
well to discuss some of the notes on the diagrams and the nature 
of the loading considered. For instance, the symbol w is defined 
in the notes as the uniformly distributed dead load and live load 
combined, in pounds per linear foot, with the live load placed in 
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the most unfavorable position. In the actual distribution of the 
live load, a span was considered as either fully loaded or fully 
unloaded, except that for the determination of the maximum and 
minimum shears at mid-span the span under consideration was 
loaded only on the right or left half. 


The preceding paragraph may well be amplified. For example, 
in a system of continuous beams of five spans the maximum 
positive bending moment in the first span (not far from the four- 
tenths point, measured from the left end) is obtained by con- 
sidering the first, third, and fifth spans loaded, and with the 
second and fourth spans unloaded. The dead load, of course, 
appears on all spans. The maximum negative bending moment 
at the first interior support is obtained by placing live loads on 
the first, second and fourth spans, and considering the third and 
fifth spans unloaded. The maximum positive shear at the left 
end of the first span is obtained by considering the first, third 
and fifth spans loaded and the second and fourth spans unloaded. 
The maximum negative shear at the right end of the first span 
is obtained by having the first, second and fourth spans loaded 
and the third and fifth spans unloaded. At the middle of the 
first span the maximum positive shear is obtained by placing live 
loads on the third and fifth spans and on the right half of the 
first span, with other parts unloaded. The maximum negative 
shear at mid-span is obtained by placing the live load on the 
second and fourth spans and on the left half of the first span, with 
other parts unloaded. 


All the diagrams contain a foot-note to the effect that L is 
the span length in feet. This has reference, of course, to the 
computations for bending moments and shears. In computing 
the stiffness factor of girders and columns the moment of inertia 
will presumably be figured in inches to the fourth power, in 
which event the free length of the girder or the column under 
consideration must be expressed in inches. 


Another note that may call for further explanation is number 
(5) on the rigid frame diagrams, in which formulas are given for 
computing the moment of inertia of reinforced concrete columns 
and girders. The formulas there given are those adopted by the 
New York Sub-Committee on Reinforced Concrete. Designers 
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may have differences of opinion as to the correctness of the 
formulas given. The important point to remember is that the 
formulas for moment of inertia as here given do not in any way 
affect the correctness of the moment or shear values in the dia- 
grams. The formulas for moment of inertia are given only as a 
matter of information and convenience. 


The only remaining notes on the diagrams that require special 
explanation are those defining the significance of the numbers 
0, 1, 2 and 3 (in small circles) pointing to the bending moment 
and shear curves. 

The curves marked 0 (in a small circle) indicate the moment 
and shear values obtained either from the dead load or from 
the dead load combined with a live load uniformly distributed on 
all spans. The value of w is, of course, the dead load alone in 
the former case and the combined dead load and live load in the 
latter case. : 

The curves marked / (in a small circle) represent the maximum 
and minimum bending moments and shears in the case where 
the live load is equal to the dead load, both expressed in lb. per 
lin. ft. In this case w is the combined dead load and live load, 
in Ib. per lin. ft. 

Curves marked number 2 (in a small circle) represent the maxi- 
mum aad minimum bending moments and shears obtained when 
the live load is twice the dead load. As before, w is the combined 
dead load and live load expressed in lb. per lin. ft. 

The curves marked number 3 (in a small circle) represent the 
maximum and minimum bending moments and shears obtained 
when the live load is three times the dead load. Here, as before, 
w is the combined dead load and live load, in lb. per lin. ft. 

For any other ratio between live load and dead load, the 
designer should interpolate between two of the curves. For 
illustration, when the live load is half the dead load, the values 
. will be obtained by interpolating between curve number 0 and 
curve number /. 

POINTS OF INFLECTION 
One of the most valuable features of these diagrams lies in the 


fact that the various positions of the poiat of inflection may be 
located visually. Take, for illustration, the diagram for a con- 
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tinuous beam of three equal spans and assume that the live load 
is equal to the dead load. Number 1 curve applies in this case. 
From Diagram 2 it will be seen that with the live load distributed 
so as to produce the maximum positive bending moment in the 
first span, the point of inflection is about 0.15L from the right end 
of that span; but with the live load placed so as to produce the 
least bending moment near the middle of the first span, the point 
of inflection will be 0.3L from the right end of that span. 


Considering the middle span on the same diagram, the designer 
will see at once that the point of inflection, when the system is 
loaded for maximum positive moment in that span, will be at 
about 0.18L from the right and left ends; but when the system is 
loaded so as to produce the maximum negative moment at the 
middle of the span there is no point of inflection, the entire span 
being subjected to negative bending. This negative bending 
over the full length of the middle span occurs when the two end 
spans are loaded and the middle span is unloaded. 


NEGATIVE MOMENT OVER ENTIRE SPAN 


This question of having negative bending over an entire span 
is not a matter of theory. Members of the New York Sub- 
Committee cited instances in which floor girders and slabs of 
heavily loaded reinforced concrete buildings showed ample 
evidence that negative bending does occur over an entire span 
under certain conditions of loading. Consider, for example, a 
warehouse loaded heavily with merchandise. Shipments are 
made, with the result that one floor bay is completely emptied 
while the two adjoining bays remain heavily loaded. Under such 
conditions the unloaded panel may be under quite heavy negative 
bending over the entire span. If the designer has turned down 
the top steel too soon, or if he has not placed some top steel over 
the entire span, cracking in the girders and in the adjacent floor 
slabs is almost sure to occur. 


USE OF DIAGRAMS 


The use of these diagrams in determining the maximum and 
minimum bending moments and shears and points of inflection 
will now be illustrated by actual examples, round members being 
assumed for convenience. 
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ILLUSTRATIVE EXAMPLE, CONTINUOUS BEAM DIAGRAMS 


The first example will be that of a continuous beam of three 
equal spans (Diagram 2) wita an assumed live load equal to 
twice the dead load. For convenience, assume a dead load of 
1,000 lb. per lin. ft., a live load of 2,000 lb. per lin. ft., and a 
span length of 20 ft. from face to face of supports. The supports 
in this case will be the supporting wall at the end, with inter- 
mediate supports consisting of the girders into which the con- 
tinuous beams are framed. Number 2 curves apply to the condi- 
tion assumed, namely, that the live load is twice the dead load. 

Consider the first span. The bending moment shown at the 
left end is the arbitrary bending moment of —1/24wL? (or 
—0.0417wL?) selected for the purpose of reinforcing the beam 
against partial fixity at the wall-end. This arbitrary bending 
moment is disregarded in the analysis of the remainder of the 
system. 

The maximum positive bending moment in the first span 
occurs at about 0.42L from the left end, with a value of about 
0.094wL?. 

The maximum negative bending moment at the right end of 
the first span is about —0.1llwL?. The maximum negative 
bending moment at the left end of the second span has, of course, 
this same value of —0.111wL?. 

The maximum positive bending moment at the center of the 
second span has a value of 0.058wL?, and the maximum negative 
moment at the same point is —0.025wL?. Negative bending 
may occur over the entire span. 

The point of inflection near the left end of the first span is 

‘purely arbitrary, inasmuch as it is determined from the arbitrary 
bending moment value of —1/24wL?, assumed for the purpose of 
taking care of partial fixity at the freely supported end. 

Near the right end of the first span, the point of inflection is 
0.14L from the right end of the span when the live load is placed 
on the first and third spans only; but when the live load is placed 
on the middle span only, and the first and third spans are 
unloaded, the point of inflection is 0.4L from the right end of the 
span. 

In the second span, the point of inflection may occur as near 
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as 0.15L from the face of the support when that span is loaded 
and the two outer spans are unloaded. 

When the two outer spans are loaded and the middle span is 
unloaded, there is no point of inflection in the second span. The 
entire span is subjected to negative bending. 


SHEAR VALUES 


Referring now to the shear curves, it will be seen taat, for the 
loading assumed, the maximum shear at the left end of the first 
span is 0.433wL, and —0.611wL at the right end. 

At the mid-point of the first span-there may be a maximum 
positive shear of 0.036wL or a maximum negative shear of about 
—0.170wL. 

In the second span the maximum positive shear at the left end 
is 0.555wL, while the maximum negative shear at the right end 
has the same numerical value but is of opposite sign. 

At the mid-point of the second span there may be either a 
positive or a negative shear of as much as 0.132wL. 


CHARACTER OF SHEAR CURVES 


In connection with the shear curves, the manner in which they 
are obtained requires further explanation. Consider, for illustra- 
tion, the curve indicating the positive shear in the first span on 
Diagram 2 (three equal spans). First, the maximum positive 
shear at the left end was obtained in the usual way by assuming 
a live load on the first and third spans and considering the middle 
span unloaded. The shear value thus obtained was plotted. 

The maximum positive shear at the middle of the first span 
was then computed by assuming the live load placed on the third 
span and on the right half of the first span, and assuming the 
middle span unloaded. This shear value was also plotted. 

The two points thus plotted (representing the maximum 
positive shear at the left end and at the middle) were joined by a 
straight line which was continued to the base line representing 
the beam. 

If the shear had been computed at each of the tenth points 
between the left end and the middle of the span, values varying 
slightly from the straight line would have been obtained; but the 
variation would be too small to be worth considering. Such 
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maximum shear values at any point between the left end and 
the middle of the first span would have been obtained by placing 
a live load on the entire third span and on that part of the first 
span extending from the point under consideration to the first 
interior support, and with the middle span unloaded. Such a 
perfect condition of loading is not likely to occur, so that the 
straight shear line, as located, is sufficiently close for all practical 
purposes. 


ILLUSTRATIVE EXAMPLE—RIGID FRAME DIAGRAMS 


The next illustrative example will deal with the use of the 
fourteen diagrams for obtaining bending moments, shears and 
points of inflection in rigid building frames. ; 

For this example consider the same loading conditions, namely, 
a dead load of 1,000 Ib. per lin. ft. and a live load of 2,000 lb. 
per lin. ft., the live load again being distributed so as to produce 
the maximum positive or negative bending moments or shears at 
the various points under consideration. 

For the purpose of this illustration take Diagram 15, in which 
the sum of the stiffness factors of the columns is equal to the 
sum of the stiffness factors of the girders. This is the relation 
likely to occur at a point two or three stories from the top of the 
building. The wall-end of the girder is freely supported, but is 
reinforced for an arbitrary bending moment of —1/24wI?, to 
take account of partial fixity. As in the case of continuous 
beams, this arbitrary end moment does not enter into the remain- 
ing computations. Number 2 curves cover the condition assumed, 
namely, that the live load is twice the dead load. 

The maximum positive bending moment in the first span 
occurs at a point nearly 0.4L from the left end, and it has a 
value of about 0.0775wL?. The maximum negative bending 
moment at the right end of the span is about —0.1175wL?. 

The maximum negative bending moment at the left end of 
the second span is not the same as the maximum negative 
moment at the right end of the first span. The difference in 
these bending moment values must be taken up by the columns. 

In the example under consideration, the maximum negative 
bending moment is about —0.095wL? at the left end of the second 
span, and about —0.079wI? at the right end. 
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Near the middle of the second span the maximum positive 
bending moment is about 0.048wL?. The negative moment 
does not extend quite over the entire span, so that even for the 
most unfavorable condition of loading there is a small amount of 
positive moment at the center of the second span. 

In the third span the maximum negative moment at the left 
and right ends is about —0.0815wL?. 


The maximum positive moment at the middle of the third span 
is about 0.050wL?, and again there is no negative moment at 
this point. 

POINTS OF INFLECTION 


In the first span, still considering the case where the live load 
is twice the dead load, the point of inflection may approach 
within 0.22L of the right end. Under a more unfavorable con- 
dition of loading, it may be 0.29L from the right end. This 
latter value is shown by the short line marked number 2 (in a 
small circle) which represents a small sector of the bending 
moment curve producing the minimum positive moment near 
the middle of the first span. This curve represents the results 
obtained by having the second span loaded and the first and third 
spans unloaded. 


In the second span the point of inflection ranges from about 
0.19L to 0.40L from the left end. Measured from the right end, 
it ranges from 0.18L to 0.38L. 


BENDING MOMENTS IN COLUMNS 


The bending moments in columns are represented by short 
straight lines drawn up or down from the base line representing 
the girders.. They are drawn to the same scale as the bending 
moment curves for the girders, and are expressed as coefficients 
of wL?, w being the unit beam load. 


As pointed out in Note (6), and as explained in another part 
of this text, the column beading moments shown on the diagram, 
when added together, give a true value of the sum of the actual 
bending moments taken by the two columns. However, the 
stiffer of the two columns will take the greater part of the total 
moment. 


Referring now to Diagram 15, the swm of the maximum bending 
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moments in the upper and lower columns at the first interior 
support is 0.068wL?. Assuming that the stiffness factor of the 
upper column is 36 and that of the lower column is 54, the upper 
column will take 36/90 of the total bending moment, while the 
lower will take 54/90 of the total. 

At the second interior support the swm of the maximum bending 
moments in the upper and lower columns is 0.045wL?. The 
portion taken by each column will be in proportion to its stiffness 
factor. 

At the third interior support the swm of the maximum bending 
moments in the upper and lower columns is 0.042wL?. As before, 
each column will take a part of the total in proportion to its 
stiffness factor. 


SHEAR VALUES 


The shear values in the girders are obtained in the same 
manner as with continuous beams. The shear values in the 
columns are not plotted, since they may be obtained by dividing 
the bending moment in a column by the distance from the section 
of maximum moment in the column to its point of contra-flexure. 


CUT-AND-TRY METHOD NOT NECESSARY 


For the reason that the bending moments, shears and points 
of inflection in a rigid frame are dependent in part on the relation 
between the stiffness of the columns and the stiffness of the 
girders, one is likely to get the impression that cut-and-try 
methods are necessary in order to determine in advance what this 
relation will be in any given case. On the contrary, such a 
procedure is not required. 

Fig. 3 is a design aid, or work sheet, from which the designer 
may obtain at once the bending moments in the columns, and at 
the ends and mid-span of the girders, for any ratio between 
column stiffness and girder stiffness. Fig. 3 applies specifically 
to cases where the wall-end of the girder frames into a wall 
colmun; that is, to Diagrams 5 to 11, inclusive. 

The designer should draw up a similar work sheet covering 
shears and points of inflection. Likewise, additional work sheets 
will be required for bending moments, shears and points of 
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inflection in a design problem covered by Diagrams 12 to 18, 
inclusive. 


The construction and use of Fig. 3 will now be explained. 
Consider, for instance, the first small rectangular diagram in 
Fig. 3, giving the bending moment coefficients at the wall-end 

of the girder in the first span. Asin Diagrams 1 to 18, inclusive, 
the curves marked 0, 7 and 3 (in small circles) indicate moment 
coefficients for dead load alone, for live load equal to the dead 
load, and for live load three times the dead load. Curve 2 is 
omitted because it lies so close to curve 3 that no distinction 
could be made on go small a scale. 


The curves in the small rectangular diagram are now plotted 
by taking the moment coefficient values at the wall-end of the 
girder in the first span directly from Diagrams 5 to 11, inclusive, 
thereby locating seven points on each curve. With the curves 
drawn, the designer need no longer refer to the principal diagrams 
(Diagrams 5 to 11, inclusive). The curves in the small rectangular 
diagrams in Fig. 3 will give him the bending moments at all 
critical points in the girders and columns, for any ratio between 
_ column stiffness and girder stiffness ranging from 0.1 to 10. 


All other curves in Fig. 3 are, of course, plotted in the manner 
described above in connection with the first small diagram. In 
the column moment diagrams the curves are plotted also for 
the case where the live load is twice the dead load, since the 
distance between. curves 2 and 3 is sufficient to make a distinction 
between them. 


Attention is invited to the two curves marked L and R of the 
three small diagrams in Fig. 3 which give the maximum bending 
moment coefficients at interior supports. The curves marked L 
represent the maximum bending moment coefficients at the 
girder-end at the left face of the column. The curves marked Rk 
give the maximum bending moment coefficients at the girder- 
end at the right face of the column. 

It is well to mention the fact that Fig. 3 does not include curves 
representing minimum bending moments at the mid-span of 
girders. These minimum mid-span moments may in some cases 
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be negative, as the Diagrams show. The designer might well 
include curves covering this case when preparing work sheets 
similar to Fig. 3. 


CONTINUOUS BEAMS OF UNEQUAL SPAN 


When the longer of any two adjoining spans of a system of 
continuous beams does not exceed the shorter span length by 
more than 20 per cent, the bending moments, shears and points 
of inflection may be obtained by the use of the continuous beam 
diagram for the same number of equal spans, by the following 
method: ees 


1. For both left and right maximum end shears in end spans assume the 
system of beams to be made up of all equal spans of the actual length of the end 
span in question. For example, consider Fig. 4, a system of continuous beams 
of three unequal spans with an assumed live load equal to twice the dead load. 
Determine the left or right end shear in the 16-ft. span by taking the shear 
coefficient at the corresponding point directly from Diagram 2, using the shear 
curve marked number 2 (in small circle). Use the actual length of the given 
span as the value of L in the shear coefficient thus obtained. The left or right 
end shear in the 24-ft. span is obtained in the same manner by using the actual 
length of the span in question for L. 


2. For maximum end shears in interior spans assume the system of beams 
to be made up of all equal spans of the average length of the span under con- 
sideration and the span on the opposite side of the support at which the shear is 
desired. For example, consider Fig. 4. To determine the shear at the left end 
of the 20-ft. span take the shear coefficient at the corresponding point directly 
from Diagram 2, using the shear curve marked number 2, (in small circle). 
Use the average length of the 20-ft. span and the 16-ft. span as the value of L 
in the shear coefficient thus obtained. The right end shear in the 20-ft. span is 
obtained in the same manner by using the average length of the 20-ft. span 
and the 24-ft. span as the value of L. 


3. For maximum and minimum shears at mid-span assume the system of 
beams to be made up of all equal spans of the actual length of the span in 
question. For example, consider Fig. 4. To determine the shear at the center 
of any one of the spans take the shear coefficient at the corresponding point 
directly from Diagram 2, using the shear curve marked 2 (in small circle). 
Use the actual length of the given span as the value of Lin the shear coefficient 
thus obtained. 


4. For bending moments over supports assume the system of beams to be 
made up of all equal spans of the average length of the two spans adjoining the 
support. For example, consider Fig. 5. To determine the maximum moment 
at the first interior support (left) take the moment coefficient at the correspond- 
ing point directly from Diagram 2, using the negative moment curve marked 


ne 
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Support (Left?) 
“Wall Face 


Wall Face 
first Inferior 
Support (Right) 


Fic. 4—ILLUSTRATING METHOD OF OBTAINING APPROXIMATE 
SHEAR VALUES IN 3 UNEQUAL SPANS. 


2 (in small circle). Use the average length of the 16-ft. span and the 20-ft. 
span as the value of Lin the moment coefficient thus obtained. The maximum 
negative moment at the next support is obtained in the same manner by using 
the average length of the 20-ft. span and the 24-ft. span as the value of L in 
the moment coefficient. 

5. For both maximum and minimum bending moments at or near mid-span, 
use the followng method: 

(a) Lay off the actual span lengths to a convenient scale, as in Fig. 5. Ob- 
tain the moments at the supports by the method given in paragraph 4 above 
and plot these values to scale. (These values are to be the actual moments, not 
moment coefficients). Draw straight lines between the points just plotted, as 
shown in Fig. 5. 

(b) Draw a similar straight line between the corresponding points on the 
moment curves on Diagram 2, for this example using the curves marked “2 
(in small circle). 
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Wall Face 


First Intervor Support (Left) 
Wall Face 


First Interior Support (Right) 


/6' 20" 24’ 


Fic. 5—MertTHOD OF OBTAINING APPROXIMATE BENDING 
MOMENTS IN 3 UNEQUAL SPANS. 


(ec) For any span in Fig. 5 obtain the bending moment coefficient for any 
convenient point in that span by measuring the vertical ordinate (at the 
corresponding point on Diagram 2) between the straight line just drawn on 
Diagram 2 and the maximum and minimum bending moment curves. 


(d) From the bending moment coefficients just obtained from Diagram 2 
compute the actual bending moments at the points selected in Fig. 5, using the 
actual length of the span for L, and plot these moments to scale at the cor- 
responding points on the layout of unequal spans (Fig. 5). Connect with 
parabolic curves the points established for maximum moment at the supports 
and the points just located. The ordinates at mid-span measured between the 
girder line and the curves just drawn give the maximum and minimum bending 
moments at that point. 
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CONTINUOUS BEAM — 2 UNEQUAL SPANS 


Live Load=2x Dead Load Assume Ll.L.=2000 /b.per Jin. tA. 
D.L.=1,000 Ibperlinft Total w= 3,000 Ib. per- lin ke 


DEAD LOAD ONLY 
ACTUAL vi eG 

| VALUE | WenNoe 
slolelolwlele, 
Moment af Midd 

STE Yulee aleraln abso 0 
Moment 

Baa | aaol eof oo] — oe] — 
sete (afeo mona men anf] 0 
ae rail = foveal 
Shear at Let? ; | a ; 
of Middle Suppor} |Vee |~ /4,580| - 15,000 |-43,745 - 45,000 
egal onl esl nad — fool — 
Sieg: Rope - 6,900|- 7, 500} 20,700 LS a 25,200) 


Rope End 
Fic. 6—MomMENTS AND SHEARS IN TWO UNEQUAL SPANS. 


DESIGNATION 


Figs. 6 and 7 give the true bending moments and shears in 
the cases of two unequal spans and three unequal spans, and the 
corresponding values obtained by utilizing the diagrams in 
accordance with the approximate method just described. In 
the two-span system the longer span is 20 per cent in excess of 
the shorter. In the three-span system the span length of the 
longer span exceeds the shorter by 25 per cent in one case and 20 
per cent in the other. 


RIGID FRAMES WITH GIRDERS OF UNEQUAL SPAN 


The diagrams for rigid frames, like those applying to con- 
tinuous beams, may be utilized in cases where the girder spans 


are unequal. 
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CONTINUOUS BEAM -3 UNEQUAL SPANS 


Live Load=2x Dead Load Assume l.L.= 2,000 Ib. per lin ft. 
DL.=1,000/b. per lin.ft Total w=3,000 /b. per fin. Ft. 


= [DEAD LOAD ONLY DEAD LOAD LIVE LOAD COMBINED 
ACTUAL Myris ACTUAL VALUE PSs fe Soe 5 
VALUE | wETHOD || MAX. MIN. 


aes 


(2) (3) | A) (5) 


Moment at Middfle 
of First Span. 


-26,450| -32,400) 108, 630 108,000] — | 
+ 8,775) +10,000|+ 68,345|- 33,235 
eae % 
+44,000| +47,800|+/49,525 | 26,480 | 115. 


Shear at Left of 
Second Support 
Shear at Right of 
Second Support 
Third Support 
Shear at Right of 
Third Support 


S |DESIGNATION 


(6) 


+/8,775| +/5,800 diel +70,400|+ 6,400 


Fic. 7—MoMENTS AND SHEARS IN THREE UNEQUAL SPANS. 


If the sum of the stiffness factors of the upper and lower 
columns is at least five times that of the girders, any individual 
span may be considered as rigidly fixed at the column ends, and 
the bending moments and shears may be obtained from the 
corresponding moment and shear diagrams for equal spans. 
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If the sum of the stiffness factors of the upper and lower col- 
umns is at least equal to that of the girders, the longer of any two 
adjoining spans may be as much as 50 per cent in excess of the 
shorter span. In this case, as before, bending moments and 
shears may be obtained from the corresponding moment and 
shear diagrams for equal spans. 

If the sum of the stiffness factors of the upper and lower col- 
umns is one-tenth of the sum of the stiffness factors of the girders, 
the diagrams for equal spans may be used if the longer of any 
two adjoining spans does not exceed the shorter by more than 
25 per cent. 

The limits of span variation just established may be considered 
as guides for the allowable variation with other relations between 
column stiffness and girder stiffness. 

In all of the foregoing cases applying to rigid frames, the 
assumed equal spans shall be taken as the actual span length of 
the girder under consideration. 

Unequal girder moments on opposite sides of a support, to 
the extent that such unequal moments are due to the difference 
in actual span length of the two adjoining girders, must be added 
to the normal bending moments in the columns. The normal 
bending moments in the columns are those obtained from the 
diagrams, which are, of course, based on equal girder spans. 

The foregoing paragraph can perhaps be understood better 
through reference to one of the diagrams. Refer, for illustration, 
to the first interior support in Diagram 6. Note that the maxi- 
mum bending moment at the right end of the girder in the first 
span exceeds, by about 0.007wL2, the maximum bending moment 
at the left end of the girder in the second span. This unbalanced 
moment of 0.007wL? is taken up by the columns and is the normal 
bending moment in the columns. Suppose, now, that the first 
span is longer than the second, so that the maximum bending 
moment at the right end of the first span will be increased con- 
siderably. The moment at the left end of the second span will 
also be increased, but to a smaller extent, so that the difference 
between the two girder-end moments will be considerably greater 
than 0.007wL2. Assume that the first span length is such that 
this unbalanced moment is 0.017wL? (instead of 0.007wL’). 
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This increase of 0.010wL? in the unbalanced girder-end moments 
must be’ added to all the column moments at this support, not 
only to the one representing the dead load, but also to the 
moment that includes the effect of the live load. 


COLUMNS IN SAME STORY HAVING UNEQUAL STIFFNESS 


When the sum of the stiffness factors of the columns at one end 
of a girder span differs from that of the columns at the other end, 
the ratio between column stiffness and girder stiffness at one end 
of the span will of course be different from that at the other end. 
In such a case the bending moments and shears at the left end 
of the girder and in the columns at the left end should be based 
on the stiffness ratio between columns and girders at that end. 
Likewise, the bending moments and shears at the right end of the 
girder and in the columns at the right end should be based on 
the stiffness ratio between columns and girders at that end. For 
moments and shears at mid-span, assume a stiffness ratio between 
columns and girders equal to the average of the ratios existing 
at the left and right ends. 
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RANGE OF USEFULNESS 
While these diagrams are devised with special reference to 
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uniformly distributed loads, their range of usefulness may be 
extended to include other types of loading which can be converted 
into approximately equivalent uniform loading. For illustration, 
bending moments due to load concentrations at the third-points 
may be closely approximated by such conversion, but the shear 
values for this case must be obtained by other methods. Dia- 
grams to cover the special case of load concentrations at the third 
points would constitute a helpful addition to the diagrams here 
presented. 

Another fact well worth remembering is that the use of these 
diagrams is not limited to structures of reinforced concrete. 
They may be employed in the analysis of structures of any 
material which can be connected rigidly at joints or connections 
between structural members. 


(Diagrams are on the following pages) Readers are referred to the 
JouRNAL for May 1930 for discussion which may develop. Such 
discussion should reach the Secretary by April 1, 1930. 
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OBSERVATION OF AN EXposED REINFORCED CONCRETE 


BEAM 
BY -W. I. FREEL* 


In March 1928, in the process of moving the Testing 
Materials Laboratory of Purdue University from its old home in 
the Mechanical Engineering building to the new wing of the Civil 
Engineering building recently constructed for it, a concrete test 
beam of the vintage of 1904 was unearthed. The beam had been 
tested to destruction in the laboratory and exposed at ground 
line to the showers of twenty-four summers and the freezes and 
thaws of twenty-four winters. At the center of the beam the 
rods were exposed in open cracks. The beam shows the deter- 
ioration of reinforcing steel embedded in cracked concrete and 
the perfect condition of the reinforcing steel embedded in the 
sound concrete a short distance away. See photographs. 


The concrete was chipped from around the steel at the frac- 
tured portion of the beam, and the reinforcement exposed for a 
distance of eight inches along what had been the tension side of 
the beam. Nearby a section of the reinforcement encased in the 
sound part of the beam was exposed by chipping as shown in 
the photographs. The steel encased in the sound part of the 
beam was found to be smooth and without rust showing the mill 
scale tightly adhering to the bar. The steel embedded in the 
cracked concrete was found heavily coated with thick scales of 
rust which easily came loose from the bar exposing deep pits in 


the surface. Some rust scales were as thick as 3 in. The 


steel was embedded one inch in the concrete. 


Fortunately the beam could be identified by its markings as 
Beam A-5 of a series fabricated and tested by William Lucian 
Bridges and Joseph Warren Ernst for an undergraduate thesis in 
1904. Some of the details of the history of the beam may be 
brought out by quotations from the undergraduate thesis above 


*Instructor in Civi] Engineering, Purdue University. 


(278) 


Observation of an Exposed Reinforced Concrete Beam 279 


Fig. 1—RUvuST INCRUSTED STEEL EMBEDDED IN CRACKED CON- 
CRETE AND STEEL IN PERFECT CONDITION IN SOUND CONCRETE A 
FEW INCHES AWAY. 


mentioned, and from one other closely coordinated with it by 
Silas Lee Pierce and George Ulric Middleton of the same year. 


The object of this thesis is the determination of strength of reinforced con- 
crete beams made in the proportions of one part cement, two parts sand, and 
four parts broken stone, with different reinforcements of steel and also to see 
how far these tests carry out the reliability of the theory of the strength of 
reinforced concrete beams as presented by Professor W. K. Hatt, of Purdue 
University, in “Tests of Reinforced Concrete Beams.’ (This paper appears 
in the Proceedings of the American Society for Testing Materials, Vol. II, 
1902). 


The cement used was the Giant brand of portland cement made by the 
American Cement Company. 


The broken stone was limestone from Kankakee, Illinois, crusher run below 
one inch all passed through a one-inch sieve. 


The sand was clean sharp pit sand obtained from the sand pit at Lafayette. 
It contained 3314 per cent voids and 37 per cent was retained on a No. 20 
sieve. 


The concrete out of which the beams were molded, was made in the propor- 
tion of one part cement, two parts a local sand, and four parts broken stone. 
The method of mixing was by volume. The cement and sand were thoroughly 
mixed together before the stone was added. The broken stone was sprinkled 
with water before being added to the cement and sand. After the sand and 
cement were mixed dry the water was applied; and mixed until the color of 
the sand and cement was uniform. Then the stone was added and the mass 
cut over six times until the stone was thoroughly covered with cement. The 
concrete was a medium wet concrete. 


‘ 


te 


Fig. 2—ABovE—a cio E-UP OF THE RUSTED STEEL 
: LEFT IN FIG. l. 


Fig. 3—Brtow—a virw OF THE STEEL IN 


SHOWN AT 


PERFECT CONDITION. 
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The concrete resulting from this method of proportioning and 
mixing had an average strength at 80 days of 2075 lbs. per sq. in. 
in compression and an average strength of 286 lbs. per sq. in. in 
tension. An indication of the quality of cement used may be 
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obtained by noting that the 1:3 mortar briquettes had strengths 
at 7 and 28 days respectively of 275 lbs. per sq. in. and 267 lbs. 
per sq. in. : 

When the concrete broke the stone split. On breaking away the concrete 


from the reinforcements it was found that the rods did not slip, but exceeded 
their elastic limit as was shown by the scaly appearance of the metal. 


282 JOURNAL OF THE AMERICAN CONCRETE InstItruTE—Proceedings 


The load deflection diagram for the beam shows that the first 
crack opened when the 7000 lb. load was applied. This indicates 
that an external moment of 140,000 inch pounds was sufficient 
to crack the section now showing rusted steel. The external 
moment acting at any section is not altered by such cracks, 
therefore, it is reasonable to suppose that the external moment 
of 224,750 inch pounds, acting on the section at present showing 
no rusting of steel, did produce fine cracks which closed immed- 
iately after the load was removed. This observation may be 
taken as additional confirmation of the fact that such very fine 
cracks when drawn together again do not admit rust producing 
agencies. 


Readers are referred to the JouRNAL for May 1930, for discussion 
which may develop. Such discussion should reach the Secretary 
by April 1, 1930. 


A Stupy Or CuapTer Il. “Tenrative Buriping 


REGULATIONS For REINFORCED CONCRETE’’* 
DISCUSSION BY PHIL. J. MARKMANN 


(Author’s closure, by letter, referring to Mr. Maney’s letter, p. 826 
Vol. 25.) The correspondent’s comparison of the “Chicago” and 
“Tentative Regulations” codes, for n = 15, f’, = 2000, f, in 


the Chicago code = ue (1 + 37.5 p’), is a little confused (due 


probably to haste). The equation, bottom line of p. 827 was 
intended to read: 


» Bb 


“Tentative Regulations” 4, = 500 (1 + 14p) (1 + 16p), and the 
comment on the two equations was intended to be: ‘‘and if in 
the former equation we make p’ = 0.427 p — the two equations 
become the same.”’ This amendment in formula and _ text 
following clears up the demonstration. The writer acting upon 
the explanation that eq. 22a has been devised to make allowance 
for the eventual increase of the steel stress as the result of ‘flow’ 
of the concrete finds that for an assumed “flow” corresponding to 
an increase of the ‘design’? n = 15 to an eventual n = 60. 


p 
O01 02 03 04 05 06 


= 


the “design” concrete stresses . . 580} 660) 740; 820) 900 
GecteasedOwee ak ean: 415} 388} 379) 380) 387) 396 

the ‘‘design”’ steel stresses...... 8700} 9900} 11100) 12300] 13500} 14700 
MNGNEASCLOVyae mised dt oe tan: 24900} 23380} 22740] 22800] 23320] 23760 


The rather high concrete “design” stresses for the higher steel 
ratios were objected to by the writer as exceeding conservative 
safe values. Limiting the ‘design’ concrete stress to 740 (the 
formula value for p = .03) we would have 


*Proceedings American Concrete Institute, Vol. 25, 1929, p. 818. 
(283) 
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Pp 
04 .05 . 06 
the “design” concrete stresses... .... 0... e5ee cen eee: 740| 740} 740 
décreaseé tons) cars oles ete eee 342! 318} 300 
thes ‘déesion” steel stresses: eanva: peace eee tee ees 11100) 11100} 11100 
WNCNEASO: BON, cone, Srna Cee ee ko ae 20500! 19100} 18000 


Thus, while the eventual steel stresses, for the assumed eventual 
n = 60 would be less than in the former case we would design 
with a more conservative concrete stress, viz. 740 lb. 

Limiting f,, of eq. 22a, to a maximum of 740 lb., for n = 15 
and f,’ = 2000, would insure against rather high “design” con- 
crete stresses for the higher steel ratios. _ 

(Referring to Mr. Sutherland’s letter, p. 826). The moment 


resisting bending (buckling) of a reinforced concrete column - 


shaft is the resisting moment of.a double-reinforced beam, it is 
not determined as any function of any radius of gyration, lke 
the resisting moment of a homogeneous beam, equation c. 
The radius of gyration cf a reinforced concrete column—properly 
stated: The R of its cross-sectional area—is not different from 
that of any other column of same cross-sectional area and shape. 
To assign a different R to columns of different materials, though 
of same cross-sectional area (and shape), is merely a transference 
of the difference in strength to a fictitious R. ‘Tentative Regu- 
lations’, Sec. 1108, gives the formulae 26 and 26a, for long 
columns, as functions of such a fictitious R, the latter to be com- 
puted as directed in 1108c. The equations i and j, given by the 
writer, simply ‘‘fill the prescription” Jaid down in 1108c, and no 
more. They do not “define the writer’s conception” of the 
radius of gyration of a reinforced concrete column. How would 
the correspondent fill this prescription or, going back to the 
source, how would the author of “Tentative Regulations” want 
to see his prescription filled? 

The correspondent reopens the discussion of the writer’s 1927 
paper, *quoting six lines from p. 126-7, and says ‘‘the obvious 
impossibility of this analysis has already been pointed out by 
others.’ He does not mention the writer’s reply to the ‘‘others,”’ 
on p. 424, 1928 Proceedings. Whether they are “of the same 
opinion still” the writer does not know. Inasmuch as the 
correspondent says “the well-known formula relating external 
load on the column to internal fibre stresses 7s based on the 


PE eee ee a a Eee te OT eT ee 


ron eo w 


en 
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assumption of the lack of internal stress in the materials” the 
writer wishes to emphasize: equations 1, 2 and 3, p. 126, are 
valid and correct, with the internal stresses f,, and f,; present in 
the column prior to the application of any external load P, just 
the same as if there were no internal stresses in the materials, 
provided only that ~~ = = m (1-p). [See p. 128-131.] The “design” 


loads = = for the Set Sail ratios p (with the possible excep- 
tion of the lower steel ratios up to p = .015, m taken as .0005) 
being greater than the respective internal loads z m =p). 
it is not necessary to “assume the lack of internal stresses in the 
materials.”” There are no internal stresses in the column prior 
to the action of the ‘internal’ load, and equations 1, 2 and 3, 
give the relation between load and concrete and steel stresses 
just as correctly for this ‘internal’ load as for any external load 
P, by simply substituting P; = 2 m (1-p) for P in the said 
equations, and there is no minimum requirement for this load P,. 
The “internal” load produces the compr. stresses of the con- 
crete and the steel, f.; and f,; of equations 6 and 7, respectively. 
Remembering that the tensile stress f, (equation 4) of the con- 
crete, developed when its natural contraction meets with resist- 
ance, is the cause of this load, it is evident that this load Pz 
applied to the column reduces the initial tensile stress f, by the 
amount of the compr. stress f,; due to this load, and the (smaller) 
tensile stress f,, (the ‘‘residual tension’) is the resultant: 


UP ac ay a Oe Se fae a D x Em (eq. 8) 
The equilibrium of the (total) concrete and steel stress in the 


column, viz. f,, (1 —p) + fe * p = 0 is satisfied by the values 
of f,, (eq. 8) and f,; (eq. 7). The ratio of these stresses is e 


= cer (see table p. 152). On the other hand, the mathematical 
terms of the stresses f,, and f,;, when written as functions of the 
resp. moduli and deformations, are equations b’ and c’ on p. 
157. They are identical with equations 8 and 7, respectively. 
Equations b’ and ¢c’ prove the correctness of the former method 
of evolving these (and other) stresses, on p. 127. 

The mathematical terms for the several stresses f,;, fs; and fo, 
have a physical meaning, and no new evidence is required to 
sustain the writer’s criticism on p. 140-2. 


FLoor TEest IN THE GEORGE Mason HOTEL, 


ALEXANDRIA, VIRGINIA 


BY WILLIS A. SLATER* 


THE BUILDING 


THE GEORGE MASON HOTEL at Alexandria, Virginia is a six- 
story building approximately 113 ft. long and 100 ft. wide. 
Fig. 1 shows the general plan at the first floor level, the overall 
dimensions and the location of the three panels to which a test 
load was applied. The building has reinforced concrete columns 
with concrete beams extending from column to column which 
divide the floor space into rectangular panels. The floor slab of 
each panel is supported by the four beams which extend from 
column to column and without the use of intermediate beams. 

The exterior walls are of brick. The exterior edges of the first 
floor slab rest upon the basement wall. The author was informed 
that this wall was built after the slab was constructed. The exterior 
edges of the slabs above the first floor are carried by reinforced 
concrete beams extending between wall columns. 

The slabs are of reinforced concrete poured integrally with the 
beams, and are reinforced in two directions with the bars extend- 
ing parallel to the sides of the panels. The slab for each panel is 
of uniform thickness throughout the panel. For the slabs of the 
first two floors the tension reinforcement in any panel has the 
same sectional area in either direction for negative as for positive . 
moment, except that the sectional area of the reinforcement for 
negative moment at the exterior walls is only half as great as 
that for positive moment in the center of the panel. 

The arrangement of the tension reinforcement for the beams 
is similar to that of the slabs; that is, the negative and the 
positive reinforcement are equal in sectional area except at wall 


*Director Fritz Engineering Laboratory, Lehigh University. 
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columns where the area of the tension reinforcement is only half 
as great as that for positive moment at the center of the span. 


The above statements regarding the amounts of reinforcement, 
for the positive and negative moments apply to the panels tested. 
Since one-half the negative reinforcement at each interior support 
consists of bars carried through from the adjoining panel, the 
areas of the positive and the negative reinforcement are slightly 
different where the size or spacing of bars in one panel differs 
from that in the adjoining panel. 


GENERAL DESCRIPTION OF TEST 


A portion of the first floor consisting of three panels as shown 
in Fig. 1 at the southeast corner of the building, was tested. 


Fig. 1—SKeEtTcH OF FIRST FLOOR PLAN SHOWING PANELS LOADED. 


The dimensions and reinforcement of the test floor are shown in 
Fig. 2. Fig. 3 gives a view of the under side of the slab during 
the test. The design load is 143 Ib. per sq. ft. Of this 75, 56, 
and 12 1b. per sq. ft. represent live load, weight of slab and weight 
of wood flooring respectively. The design thickness of the slab 
was 414 in. for each of the three panels tested. The measured 
thickness varied from 6.05 in. to 4.52 in. as shown in Table 1. 
The distance from the compression surface to the center of the 
tension reinforcement varied from 5.06 to 2.24 in. as shown in 
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TABLE [I 


MEASURED THICKNESS OF SLABS, DEPTH TO BARS AND DEPTH FROM THE COM- 
PRESSION SURFACE TO CENTER OF REINFORCEMENT FOR EACH GAGE LINE. 


] Gage Total Thickness |Depth from Com- 
Location Line Thickness | of Concrete | pression Surface? 
No. of Slab over Bars |to Center of Bars 
Inches Inches inches 
Over beam 6 4.83 1.67 2.91 
at N. side 4 4.95 125 3.45 
of panel 8 4.55 1.87 2.43 
6A 9 5.26 1.80 3.21 
ees es a Average 1.65 3.00 
Over beam 14 4.67 1.15 Seok 
at N. side 15 4.60 1.56 2.79 
of panel 7A 16 4.53 1.97 2°31 
Average 1.56 2.79 
Over beam 19 4.73 Pld le 2.31 
at W. side 20 5.40 2.49 2.66 
of panel 21 5.44 2.48 Pall 
7A 22 ‘aS ri 2.68 2.24 
Average 2.45 2.48 
Panel 7A 24 4.52 0.86 3.41 
at S. wall 25 4.74 1,24 325 
Average 1.05 3.33 
Panel 7A 26 4.70 1.00 3.45 
- at E. wall 27 4.90 1.38 SPA 
28 4,74 1.84 2.65 
Average 1.40 « Bolly 
Panel 6A 34 4.69 0.83 3.61 
at S. wall 35 5.04 ibpule} 3.66 
Average 0.98 3.63 
Panel 6A 40 5.59 1.59 6 05) 
along E. & W. 41 5.85 1.10 4.50 
center line 42 5.90 1.41 4,24 
Average 1,37 4.16 
Panel 7A 47 5.97 1.40 4,32 
along E. & W. ‘48 5.81 1.66 3.90 
center line 49 5.44 1.84 3.39 
Average 1.63 3.86 
52 tay ls) 1.00 3.90 
Panel 7A 53 5.34 0.80 4,29 
along N. & S. 54 yeh) 1.04 4.47 
center line 55 5.64 0.44 4,95 
56 5.09 1.04 3.80 
Average 0.86 4,28 
Panel 6A 63 5.23 1.06 3.92 
along N. & S. 64 5.59 0.84 4,50 
center line 65 6.05 0.74 5.06 
66 5.29 0.97 4.07 
67 5.42 1.36 3.81 
Average 0.99 4.27 
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Table 1. At the time of the test the slab was nearly four months 
old. The concrete was hard and appeared to be of good quality. 
Three tests made on two 14-in. bars taken from the slab in 
nearby panels gave an average yield point stress of 36,900 lb. 
per sq. in. based upon the sectional areas determined from 
weights of known lengths of bar. The areas so determined were 
about 414 per cent less than the nominal areas. . 


Fic. 3— VIEW OF UNDER SIDE OF SLAB DURING TEST. 


The weather conditions at the time of the test were favorable 
for reliable strain gage data. During the loading and unloading 
the lowest temperature read on a thermometer whose bulb was 
embedded in plaster of paris in close contact with the bottom of 
the test slab was 70° F. and the highest was 78° F. About a 
week after the unloading of the slab the temperature had dropped 
to 62.5° and appears to have affected the deflection of the slabs. 


LOADING 


Second-hand common bricks were used as loading material. 
In order to determine the weight per cubic foot of the brick, 
weighings were made on two piles stacked as in loading the 
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floor. One pile was 5 ft. square and 2214 in. (9 courses) high. 
The other pile was 21% ft. square and 147% in. (6 courses) high. 
The weights per square foot per course for the two determina- 
tions were 21.4 and 20 lb. respectively. In computing the test 
load the average, 20.7 was used. The load was applied in three 
stages. The intensities aimed at were 87, 162, and 230 lb per sq. 
ft. for these stages. Adding to these applied loads the design 
. weight of the slab, 56 Ib. per sq. ft. gives 143, 218, and 286 lb. 


Fic. 4—VIEW OF TEST LOAD OF 87 LB. PER SQ. FT. 


per sq. ft. as the total load sustained by the slab at the three 
stages. The first and third values are one and two times the total 
design load. The second value represents the dead load plus 
twice the live load. The highest load, 286 lb. per sq. ft. might 
also be stated as the total dead load plus 2.9 times the design live 
load. Table 2 gives the intensities of the loads actually applied 
and compares these with the values for the three different 
stages noted above. Figures 4, 5 and 6 are views of the test load 


at three stages. 
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In applying the load it was not possible to cover the entire area 
of the panel because it was necessary to leave aisle space to 
give access to the gage lines and to prevent arching of the bricks. 
Aisles were left on edges and center lines of panels. The location 
of loaded areas is shown in Fig. 7. The area loaded was 74 
per cent of the total area of the test panels. The loads per square 
foot here reported were found by dividing the total panel loads 
by the total area of the panel. 


Loading of the slab began on the morning of September 15, 
1925. The first increment, of 87 (1438 with weight of slab) lb. 
per sq. ft., was completed at noon. Strain and deflection read- 


Fic. 5—VIEW OF TEST LOAD OF 162 LB. PER SQ. FT. 


ings were taken and a search for cracks was made. Loading was 
resumed at 1:30 p.m. The load of 162 lb. per sq. ft. (applied 
load only) had been almost completed by evening of the same 
day and was entirely completed by 9:15 a. m. September 16. 
The loading was interrupted only long enough to permit the 
taking of observations, and the maximum applied load of 230 lb. 
per sq. ft. was in place by 3:00 p. m. September 16. This load 
was left in position for 24 hr. Removal of the load began on 
September 17 at 3:00 p. m. and was pag aces before 5:30 p. m. 
on the same day. 
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OBSERVATIONS 


Strains were measured by means of a strain gage at 55 places 
on the reinforcement and at 9 places on the concrete. The loca- 
tion of the gage lines is shown in Figs. 7 and 8. The gage length 
used was 8 in. The methods used were similar to those used in 
other field tests by the writer. Deflections were observed at 
the centers of the test panels and the two adjoining unloaded 
panels, also at the centers of all beams supporting loaded panels 
except the north beam of panel 6A. The location of the deflec- 
tion readings is shown in Fig. 8. 


Fic. 6—VIEW OF TEST LOAD OF 230 LB. PER SQ. FT. 


At. a few typical positions the widths of the largest cracks were 
measured with a lens and scale. It is believed that the widths 
reported do not have an error greater than .005 in. 


CRACKS 


Previous to the test a search was made for cracks in the slab. 
Only one crack, a short one near column 16 in Fig. 7, was found 
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TABLE II 


INTENSITY OF APPLIED LOAD AND COURSES OF BRICK IN PLACE AT DIFFERENT 
STAGES OF THE TEST P 


Ratio of Intensity of Load Ratio Test Load 

Stages of| Loaded | Courses Lh. per Sq. Ft. to Design Load 
Loading | Panel| to Total Ohi | eS 

Area Brick jOver Area ° 

Loaded | Average | Total! Live? 

1 6A RE 6 124 90 1.02 1.04 

7A .709 6 124 88 1.01 1.01 

7B 13 5% 114 88 1.01 1.01 

Average 89 1.01 1.02 

2 6A 120 11 228 165 1.55 2.04 

7A .709 11 228 161 1.52 1.99 

7B nie 10% DA 168 Li 2.09 

Average 165 1°55 2.04 

3 6A 5 ONS 16 331 240 2.07 3.06 

7A .709 16 331 234 2.03 2.96 

7B SCs 15 310 240 2.07 3.06 

Average 238 2.06 3.03 


1Under Total loads the weight of the floor is included in both the test load and the design load. 
2The live test load was taken as 12 lb. per sq. ft. less than the applied test load. This was in 
order to make allowance for the weight of the wooden floor which was not in place. 


on the upper surface, but some of those found in the course-of the 
test appear to have been old cracks freshly opened. The top of 
the slab was rough, and even after sweeping dust enough re- 
mained to make the finding cf fine cracks very difficult. The steel 
forms used for the slab left the bottom surface of the slab very 
smooth and even fine cracks were easily traced. The location of 
the cracks found on the under surface is shown in Fig. 8. From 
the circumferential course of many cracks about the corner col- 
umns of the building, it seems probable that they occurred prior 
to the construction of the brick walls under the edges of the floor 
slab. None of these cracks was large before the load was applied 
and they did not increase much in width during the loading. This 
is indicated by the measured widths given in Table 3. The loca- 
tion of the points where crack widths were measured is shown in 
Fig. 8. 


ves 
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Under the load of 87 lb. per sq. ft. plus the weight of the slab 
(total design load) a crack was found on the upper surface of the 
slab along the east edge of the beam which lies between panels 
6A and 7A. Another was found along the north edge of the 
beam between panels 7A and 7B. These cracks were both about 
.01 in. wide. Although they had not been found previous to 
applying the load they had the appearance of old cracks. They 
were probably old cracks which were so nearly closed that the 
roughness of the floor and the presence of dust were sufficient to 
prevent their detection previous to the loading. At this load no 
cracks were found on the top of the slab close to the walls though 
careful examination was made there. The brick and tile wall 
gave restraint at the exterior edges of the slab, and, if the wall 
had been present when the cracks along the interior beams 
formed, cracks probably would have formed along the wallsupports 
also for some of the measured stresses at the wall under the 
maximum load were very high. It seems likely, therefore, that 
the cracks along the interior beams formed before the exterior 
walls were built. An examination made after the load of 162 lb. 


TABLE III 
MEASURED CRACK WIDTHS 


Crack Crack Widths at Applied Loads of 
Designation 0 89 238 
(Fig. 8) Lb. per Sq. F't. Lb. per Sq. Ft. 
Inches Inches Inches 
On Under Surface of Slab 
A 0.015 0.015 0.020 
B 0.012 0.010 0.005 
C 0.005 0.007 0.015 
D 0.005 0.002 0.005 
E 0.010 0.015 0.015 
F 0.005 0.005 0.010 
G 0.010 0.004 0.010 
H 0.010 0.005 0.010 
I 0.002 0.001 0.001 
K 0.020 0.015 
On Upper Surface of Slab 

L 0.020 
M 0.005 
N 0.020 
O 0.040 
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per sq. ft. was in place disclosed no new cracks on the top of the 
slab. At the maximum load cracks had formed along the walls in 
all the loaded panels and along the edges of all beams which 
supported the loaded slabs. They were present on both edges of 
both the beams which were between loaded panels. New cracks 
had formed also on the under surface of the slab. The location 
of the cracks on the upper surface of the slab is shown in Fig. 7 


A) 


SY 


| | Note: loaded areas of panels 
|! are shown thus KY yf 
| (e0) Indicates gage lines | 
| on steel; (2) on con- | | 


Fig. 7—LOocaTION OF LOAD AREAS, AISLES, GAGE LINES AND 
CRACKS ON TOP OF SLAB. 
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and the location of those on the under surface is shown in Fig. 8. 
The measurement of crack widths at certain places was. at- 
tempted. On account of the roughness of the top of the slab 
these measurements are less reliable than those for crack widths 
on the bottom of the slab. 
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cracks before load; full lines: 


Show cracks af maximum | 
load. Letters show points | 
where crack widths were 
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Fig. 8—LocaTION OF GAGE LINES, DEFLECTION POINTS AND 
CRACKS ON UNDER SIDE OF SLAB. 
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DEFLECTIONS 


The deflections are shown in Figs. 9 and 10. The maximum 
deflection occurred at the center of panel 7A after the maximum 
load had been in place 24 hr. and amounted to .58 in. Considering 
the span for this wall panel as the distance from the center of the 
beam on one side to a point 3 in. within the supporting wall on the 
other side, the deflection was 1/311 of the span. The deflection 
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Fig. 9—LOAD-DEFLECTION CURVES FOR SLABS AND BEAMS. 
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in panel 7B was slightly less, and that in panel 6A was consider- 
ably less than that in panel 7A. 

{t will be seen that the unloaded panels adjoining the loaded 
panels had only a very slight upward deflection. The beam be- 
tween the loaded and unloaded panels, however, had some down- 
ward deflection and if the deflection of the slab be corrected for 
the deflection of the girders the maximum slab deflection is found 
to be about 0.51 in. In the same way the maximum upward de- 
flection of the unloaded slab adjacent to panel 6A is found to be 


Deflection, Inches 
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o— Immediately after completion of !oading to 230 
[b. per sq. FT.- 
o---- After load of 230 Ib. per sq ft had been on 


.Slab 24 hrs. 
+—-— 24 Ars. after removal of all live load. 


See Fig.8 for location of deflection points. 


Fig. 1O—PROFILES OF DEFLECTED FLOOR. 
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about .04 in. Twenty-four hr. after the load had been removed 
from the slab the deflection was less than it was after it had been 
off for a week. The fact that the unloaded as well as the loaded 
slabs were deflected more at a week than at one day after removal 
of the load makes it appear that the cause was a change in weather 
conditions. While it has been found in other cases* that a 
temperature change has affected the deflection it is not easy by 
analysis to see what the nature of the change should be. The 
temperature was about 10 or 12 degrees higher at the time of re- 
moval of the load than it was a week later. 

As shown in Fig. 9 the deflection at the center of panel 7A 
decreased from the maximum valve of 0.58 in. under full load to 
0.24 in. immediately after removal of the load and to 0.21 in. 
24 hr. later. A week later the deflection had inergased to 0.23 in. 
This probably was a result of the temperature change previously 
mentioned. 

The recovery, that is, the decrease in deflection, was a maxi- 
mum for most cases 24 hr. after the load had been removed. The 
maximum deflections and the recoveries for all three loaded 
panels and for the beams between loaded panels are given in 
Table 4. The average recovery was 66 percent, the maximum was 
74 percent and the minimum was 59 percent. 


STRESSES 


The load-stress curves have been plotted in Figs. 11 and 12 and 
the stresses on the sections for which moment coefficients were 
computed are given in Figs. 13, 14, and 15. In computing the 
stresses from the measured strains the modulus of elasticity of the 
steel was assumed as 30,000,000 Ib. per sq.in. The rate of increase 
of stress with increase of load was greater for the high loads than 
for the low loads. This phenomenon has been observed in other 
tests and it is likely that it is due to the formation of cracks throw- 
ing a larger proportion of the total stress to the steel at the higher 
than at the lower loads. Under the discussion of cracks reasons 
were given for believing that the cracks over the two beams be- 
tween loaded panels were present before the test started but that 
those at the walls were not. Added reason for this belief is found 
in the difference in the rates of increase of stress at the two 


*Schulze Baking Company Building, Bulletin 84, University of Illinois Engineering Experi- 
ment Station, p. 78. 
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TABLE IV 


FULL LOAD DEFLECTIONS, RESIDUAL DEFLECTIONS AND RECOVERIES FOR LOADED 
PANELS 


Center Deflections 


Panel or Under Maximum Under Zero Load Recovery 
Beam Load 24 Hours (Residual) 
Inches Inches Inches Per Cent 
6A 0.366 0.106 0.260 71 
7A 0.580 0.210 0.370 64 
7B 0.526 0.216 0.310 59 
Beam be- 
tween 6A 
and 7A 
panels 0.170 0.044 0.126 74 
Beam be- 
tween 7A 
and 7B 
panels 0.140 0.054 0.086 61 
Average 66 


places. Reference to Fig. 11 shows that in gage lines 26, 27, and 
28 the increase of stress at the early stages of the test was very 
slow as though the concrete was taking nearly all the stress. In 
gage lines 19, 20, 21, and 22 the rate of increase in stress was 
much more rapid at the beginning of the test as though the con- 
crete was already cracked. For these latter gage lines there is, 
however, a very rapid increase of stress at a load of about 180 
lb. per sq. ft., and this requires explanation if it is not due to the 
formation of cracks across these gage lines. It has been noted 
that, on the under side of the slab in the interior of the panel and 
on the upper side near the wall, cracks were not found at the 
second stage of the loading, that is at 162 lb. per sq. ft. but that 
they were very evident at the maximum load. This accounts 
directly for the rapid increase of stress in gage lines 53 and 54 at 
about 180 Ib. per sq. ft. The yielding at this place would throw 
a larger proportion of the total moment to the support and this 
probably explains the rapid increase in the stresses at gage lines 
19 to 22 for a load of about 180 lb. per sq. ft. The load stress 
curves of Fig. 11 indicate that for gage lines 19 to 22 a test load 
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p Sea note fata 


45 58 59 60 | 6! | 
: {0000 Ib. 
Tensile stress to scale shown parse 


Fic. 12—Loap-srress CURVES FOR BEAM REINFORCEMENT. 


equal to the weight of the slab caused a stress in the reinforcement 
of 1500 to 2000 Ib. per sq. in. The stress at this place before the 
test load was applied must have been as much as this. At other 
places, for example, gage lines 26, 27, and 28, the initial slope of 
the load stress curves indicates an initial stress very much 
smaller. Yielding of the green concrete under load may, how- 
ever, have been sufficient to permit the reinforcement to take 
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stresses as great as those at gage lines 19 to 22 without cracking 
of the concrete. 

The stress at gage lines 20, 27, and 28 exceeded the yield point 
determined from the coupon test and if the unknown initial stress 
due to the weight of the slab were added to the observed stress it 
is possible that the yield point would have been exceeded in other 
gage lines also. 
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Fig. 13—Loapb-STRAIN CURVES FOR CONCRETE. 


In Fig. 11 it will be seen that on the removal of the load there 
was in nearly all cases a residual stress or at least a residual strain. 
In most cases a part of the residual stress (or strain) was likely 
due to the weight of the slab. In some cases it was probably due 
to the yield point of the bars having been exceeded. In other 
cases it may have been due to dirt getting into the cracks and 
preventing their closing. The latter cause seems to have been 
minor since the residual stress appears to have been as great in 
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the bars on the bottom of the slab where dirt could not easily 
get into the cracks as it was on the top. 

The modulus of elasticity of the concrete is not known, there- 
fore the stresses in the concrete are not known. The largest 
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Fic. 14-—STRESSES ON SECTIONS FOR WHICH MOMENT COEFFI- 
CIENTS WERE COMPUTED; SECTIONS CUTTING BARS WHICH EXTEND 
IN DIRECTION OF SHORT SPAN. 
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strain measured however, was 0.00057 at the maximum load and 
it is likely that the stress did not exceed 55 or 60 percent of the 
ultimate strength of the concrete. 


MOMENTS IN SLABS 


The resisting moment, M, across a section of the slab may be 
computed as M = Af,jd where A is the sectional area of all the 
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Fig. 15—SrrEssES ON SECTIONS FOR WHICH MOMENT COEFFI- 
CIENTS WERE COMPUTED; SECTIONS CUTTING BARS WHICH EXTEND 
IN DIRECTION OF LONG SPAN. 


bars crossing the section, f, is the observed stress in the reinforce- 
ment and jd is the distance from the center of the reinforcement 
to the resultant compressive force. Putting this moment equal 
to KW1 the value of the coefficient K may be computed. The 


Lid 
= 
a 6670 0 O006ET OOTP ve OI SY ® vP ueds pr | Atsog | 98a 
1660 0 SEZ0 0 OOOST OO0ST 6€ FI &G UUINJOo TBM | eAnedeN | 9eT 
9070 “0 8&0 0 OOTTT OOTTT 66 SI SI UUINJOO IOMeyUyT | oAVSeN | OA 
89900 OSGOT OOOLT OL ST. OE ay Shs weds pry] cca | ved 
/ Iv¥0 0 Ivs0°0 OSS86 OOSOT Z8 ST ST ® CI TAUDEN TOS) ROBE ENCE CYMARGR ISG |) TASEE 
wuINntoR SOUTT o5Bx) soVIOAVY | WNUIXey ‘Uy UL sATIBSON | UOTYCU 
JO a0¥q IOJ [JO uoTyISOg 107 yideq soury U01}BIOTT 10 -SISO(T 
- ‘uy ‘bg aed -qry ISBIOAW a5BL) oAT}ISOg | weeq 
S SJUILYFOO, JUSMIOPY oseIOAW Sesse.t}g : 
= 
3 SUIBI OY} LOF S}USTOGJo0D yuoULo pL 
= 
= T8000 FITO 0 0002 0086 169 Z9 0989 causal) fouvd jo raya | oarpIsog v9 
$ 6100 °0 Z&00 0 0008 OOLS ) GP 94 OF ouory ouvd jo reyu0D | oarIsog V9 
S 9900 “0 [200 °0 OOSVT OOE9T 00°€ 6 °F 9 suoyT | yoddns sorequt ysanq | oaryesony V9 
& 6F00 0 €900 0 OO9LT OO6ST toe) tS GE ® VE suoT [Tess YING | eaTpesaN v9 
= T810°0 ¥6<60 0 OOS9T 00896 86 7 9g 03 GG 42048 Joued Jo rojUeD | oarpsog V4 
S 8600 0 6700 0 O06P 00S8 98'S 6P 99 LY SUT Jourd jo rayuog | earpisog VL 
8 OLT0'0 9100 00292 000 | 6L°S OT 0} FT suoT | ytoddns soeyur sg | oaryeson | WZ 
& 6F00 ‘0 8900 0 OOOLT O09ES SS & GS ® FG suOT Tes YNog | eaneson V2 
5 6610 0 960 0 O0GTE 00028 SPS GG OF 6T Woys | 10ddns so1oyur yom | oATeSoN VL 
= Z€10 0 SPLO 0 OOGVE OOOLE GIS 8G 0} 9% }10Y8 [Tes Ise | OATPBSON VL 
ey - .- 
Ssa.l}g Sse1}9 sSBIOAW | WINUIIXBy L (uedg 
esBIOAW | WINUIXe uy UI Souvy SUO'T OAT}VSON 
yydeq a9Bt) IO 41049) U0l}Bo0TT 10 peueg 
uo peseg ‘uy ‘bg sed -qry IOBIOAV WOr}ooIIGT DAT}ISOT 
SJUSTOYJOOD) JUIUIO TT Sesser}g 


SARIS OY} IOF SJUBTOYJooH yuowoyy “y 


SNVU GNV SAVIS AHL YON SLNAIOIAAOD LNAWOW 


‘A GIaAViL 


308  JouRNAL oF THE AMERICAN ConcrETE INstiIruTE—Proceedings 


coefficients so computed are given in Table 5. The load, W, used 
in the computations is the sum of the dead load and the maximum 
live load in the entire panel. The span is the clear span between 
edges of the supports whether of beam or wall. Two different 
stresses were used, (a) the average for all the gage lines within the 
section under consideration, and (b) the greatest stress observed 
in the section. The coefficients based on average stresses are 
useful for comparing the total moments on the different sections. 
Those based upon the greatest observed stress within the section 
indicate the coefficient which should be used in design in order 
that no stress should be greater than the assumed working stress. 
In two places the observed stress had éxceeded the yield point and 
in those cases the yield point stress (87,000 Ib. per sq. in.) was 
used for computing the coefficients instead of the stress indicated 
by multiplying the strain by the modulus of elasticity. 

In computing the coefficients some allowance should be made 
for initial stress in the reinforcement due to the weight of the 
slab. This was not done because the amount of the initial stress 
was too uncertain. It does not seem likely, however, that the 
initial stress exceeded 2000 lb. per sq. in. 

In the direction of the short span of panel 7A the negative re- 
sisting moment of the observed stresses at the interior support 
was 1.10 times the positive moment of the observed stresses at 
the center of the span. That the ratio of negative to positive 
moment was not greater probably is due to the fact that the re- 
straint at the wall was less than that at the interior support. 
Another and possibly more important factor is the fact that the 
construction provided for a negative moment at the interior 
support only 0.58 as great as that for the positive moment. The 
fact that a larger proportion of the total moment was resisted as 
negative moment than that which the design provided for, shows 
that a still larger proportion should have been provided as 
negative moment. It was probably intended in the design: that 
the positive and the negative moments should be equal as the 
steel areas are the same for these places. In the construction, 
however, the effective depth to the reinforcement for negative 
was only 0.58 as great as that for the positive moment. 

In a similar manner the resisting moment provided at the wall 
support of the short span was only 0.36 while that developed by 


Floor Test in the George Mason Hotel 309 


the stresses in the test was 0.76 of that for positive moment in the 
same direction. This indicates that in the design of a slab built 
into a brick wall such as that used here the negative moment at 
the wall should be taken as greater than 0.76 of the positive 
moment. How much greater it should be, the data do not show, 
but it is likely that the negative moment provided at the wall 
support (where the slab is supported by a solid wall and carries a 
wall of one story height or more) should not be less than the 
positive moment in the same panel. 

Comparisons of the moments at the wall support, the center of 
the span and the interior support for the long span of the same 
panel, 7A, result in conclusions of the same nature as those dis- 
cussed for the short span. 

The moment coefficients for the slabs were in general some- 
what less than those found in the test reported in Technologic 
Paper 220 of the Bureau of Standards. The stresses from which 
these coefficients were computed range from 5700 Ib. per sq. in. 
to the yield point, 37,000 Ib. per sq. in. The stresses used in 
Technologic Paper No. 220 ranged from 30,000 to 50,000 lb. per 
sq.in. In such tests the moment coefficients have generally been 
found to increase somewhat as the stresses on which they are 
based increase. The difference in stresses in these two tests is 
probably sufficient to account for the difference in moment co- 
efficients. In view of this difference in stresses it may be con- 
cluded that the data of this test are in reasonable accord with 
those reported in Technologic Paper 220 except that the ratio of 
negative to positive moment is entirely different for the two tests. 
The difference in effective depth at positions of positive and of 
negative moment would lead one to expect a larger ratio of posi- 
tive to negative moment here than that found in the former test. 

The difference in effective depth at the positions of positive 
and negative moment apparently comes from two sources, the 
greater thickness of slab at the middle of the panel and the 
greater depth of embedment of the bars at the support. The 
bars were not too close to the bottom of the slab in the middle of 
the panel but they could with advantage have been held closer 
to the top at positions of negative moment, especially along the 
long side of the panel where the importance of adequate resistance 
for negative moment is greater than along the end of the panel. 
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MOMENTS IN BEAMS 
sida 


The moment coefficients, K, ‘e ) for the two beams 
which were fully loaded were Smee in a manner similar to 
that used for the slabs. For determining the load, W, the beam 
between panels 7A and 7B was assumed to carry the load from an 
area bounded by intersecting lines drawn from the ends of the 
beam at 45 degrees with the direction of the beam. The beam 


between panels 6A and 7A was assumed to carry the load from an © 


area bounded by the longitudinal center lines of the panels and 
lines at 45 degrees with the beam intersecting at the ends of the 
beam. For the purpose of computing the loads the wall end of 
either beam is taken at the face of the wall, and the column end is 
taken as at the intersection of the center lines of the beams. The 
coefficients computed in this way are given in Table 5. Those 
marked “for position of gage line” are computed from the stress 
f, actually observed. Those marked “for face of column” were 
computed for a corrected stress which was assumed to exist at the 
face of the column. The stress at the face of the column was 
estimated by assuming that the stress was directly proportional 
to the distance from the point of inflection toward the column. 
For this purpose the point of inflection was assumed to be one- 
fifth of the clear span from the face of the column. 


It will be seen in Table 5 that the positive moment was greater 
than the negative moment for both beams. Several factors 
probably contribute to this result. First, unbalanced moments 
were applied to the columns at both ends of both beams and the 
bending of the columns must have permitted a decrease in the 
negative moment and an increase in the positive moment. 
Second, most likely the slab bars for some distance on either side 
of the beam assisted in resisting the negative moment, but in 
computing the coefficients shown in Table 5 only the bars within 
the width of the beam were assumed to participate in carrying 
the moment in the beams. Therefore, the negative moments 
probably were greater than the coefficients indicate them to be. 
Third, it has repeatedly been found that, the higher the observed 
stresses, the higher the proportion of the applied moment ac- 
counted for by the stress in the reinforcement. Since the highest 
observed stress in either of the beams was only 16,550 lb. per sq. 
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in. it is likely that with higher stresses larger moment coefficients 
would have been found. 

The positive moments found from the stresses were greater 
than 1/24 W1, the moment at the center of the span of a fixed 
beam uniformly loaded. The influences mentioned above as 
causing the moments computed from the observed stresses to be 
small affect principally the negative moment and it is possible that 
the positive moments were not far from the true moments. 


INSPECTION OF FLOOR AFTER FOUR YEARS’ SERVICE 


The test described in the preceding pages was made in Sep- 
tember, 1925. In October, 1929, after the hotel had been in 
service approximately four years, the authors made an examina- 
tion of the floor to which the test load had been applied. A 
dining room occupies the area of the test panels. Since the test, 
the concrete floor has been covered with a tile surface made up of 
white glazed tiles about 1 in. square with thin mortar joints ex- 
tending parallel to the panel edges. The first impression was that 
there were no cracks in the tile surface, but closer examination 
revealed a crack estimated to be about .01 in. wide along each 
beam examined, both within and outside of the area which had 
been occupied by the test load. The crack over the beam be- 
tween bays 6 and 7 (Fig. 2) lay approximately over the east edge 
of the beam. The crack over the next beam farther west was 
over the west edge and that over the third beam was over the east 
edge. The cracks extending east and west lay for two panel 
lengths over the north edge of the beams extending east and west 
between bays A and B, Fig. 2. In the third panel length it lay 
over the south edge of the beam. No cracks were found along the 
panel edges at the walls of the building. 

The location of the cracks along lines where high bending 
moments existed in the test associates the cracks with flexural 
phenomena, and the fact that no cracks were found along the walls 
may probably be explained by the fact that the furring and plaster 
on the wall extended out so far as to cover the section of maximum 
moment and hide existing cracks from view. However, it is not 
unlikely that contraction with temperature changes played an 
important part in causing the cracks and that the sections of 
maximum flexure merely served to localize them. 
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More important probably than the presence of the cracks is the 
fact that they were so small as to escape detection except on close 
examination. They were much less apparent than the cracks 

‘frequently found in terrazzo surfaces on what are presumably 
conservatively designed floor structures. 

On the under surface of the test. slab, the pencil marks were 
still present which marked the cracks as they developed with the 
test load. There was no indication that any of these cracks was 
larger than just after the removal of the test load. 

In this brief inspection no measurements could be taken to 
detect deflection that may have taken place since placing of the 
tile floor surface. However, no deflection was apparent to the 
eye nor could any be detected in walking over the floor. On the 
whole, this floor was in first class condition after approximately 
four years of service of the class for which it was designed. 


SUMMARY OF RESULTS 


1. Under a load equal to the design load, cracks were found 
in the upper surface of the slab along the edges of beams which 
lay between loaded panels. These appeared to be old cracks and 
it cannot be stated positively that any cracks were present at that 
time which were produced by the test. 

2. Under a load equal to twice the design load there were 
cracks in the upper surface of the slab along all of the walls and 
beams adjacent to the loaded panels. At this time there were 
numerous cracks in the lower surface of the slab, most of these 
being near the centers of the panels. 

3. The maximum deflections measured at the centers of the 
three loaded panels were 0.58 in. and 0.53 in. for the two corner 
panels and 0.37 in. for the other. These amount to 1/311, 1/340, 
and 1/473 of the short spans of the respective slabs. 

4. Twenty-four hours after the test load had been removed 
the three slabs had recovered 64, 59, and 71 percent of the 
maximum deflections. 

5. The stresses in the slab reinforcement were not proportional 
to the loads applied, but increased more rapidly at the higher 
than at the lower loads. For several of the gage lines there was a 
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marked acceleration of the rate of increase of stress with load at 
a load of about 180 Ib. per sq. ft. 

6. The stress at three gage lines exceeded slightly the yield 
point of the steel. These gage lines were at sections of negative 
moment in the slab. 

7. At most-of the gage lines in the concrete the strains meas- 
ured were very small and in no case were they large enough to 
indicate stresses greater than 50 or 60 percent of the ultimate 
strength of the concrete. 


8. At nearly all gage lines there were residual strains in the 
steel and concrete after the load was removed. There seemed to 
be no close relation between the amount of these residual strains 


and the maximum strains developed under load. 


. , Af,jd 
9. The moment coefficients ( el ) for the slabs computed 


from observed tensile stresses were somewhat lower than those 
for the Waynesburg slab, reported in Technologic Paper No. 220 
of the Bureau of Standards. On account of the fact that the stress 
increased more rapidly than the load it would be expected that 
the moment coefficient would increase as the stress increased. 
Carrying the test farther as was done with the Waynesburg slab 
probably. would have resulted in larger moment coefficients. 

10. Due to the difference in depth of embedment of the rein- 
forcement at the edge and at the center of panel 7A the provision 
for negative moment at the first interior support in the direction 
of the short span was only 0.58 of the resistance to positive 
moment at the center of the span assuming equal stresses at the 
two places. However, the average stresses at the edge of the slab 
were enough greater than those at the center of the span to result 
in a negative moment 1.10 times as great as the positive moment. 
Similarly, the resistance provided at the wall support was 0.36 
of the resistance at the center of the panel while the moment 
based on the average observed stress at the wall was 0.76 of that 
at the center of the panel. In both cases the ratio of negative to 
positive moment was approximately twice as great as was pro- 
vided for in the construction. 

11. After approximately four years of service the floor of this 
building is in first class condition. Though a few cracks are 
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present in the tile surface of the floor, the cracks are less promi- 
nent than those frequently seen in the highest class floors. 
Without minute examination all the cracks would escape detec- 
tion. There is no visual evidence that the floor has deflected 
since it was put into service. 


Readers are referred to the JouRNAL for May 19380 for discussion 
which May develop. Such discussion should reach the Secretary by 
April 1, 1930. 


CONCRETING METHODS AT THE CuuTE A Caron Dam 


BY I. E. BURKS* 


This paper tells of prospecting for materials at 30° below 
under 4 ft. of snow—how those materials were sampled, chosen, 
transported, heated, proportioned; how concrete was mixed, 
conveyed, deposited, protected. Recent visitors returning from 
the dam site mentioned two things of special interest: (1) The 
use of large aggrégate with a big gap in sizes—a device to prevent 

_raveling in stock piles and bins, harshness and segregation 
after mixing; (2) the stiff mix placed with vibrators. Mr. 
Burks explains.—Ep1ivor. 


THE CHUTE A CARON DAM 1s in Chicoutimi county in the south- 
central part of the Province of Quebec, Canada. It is on the Sag- 
uenay river about 80 miles above its mouth at the St. Lawrence, 
and 25 miles below Lake St. John. The district is served by the 
Canadian National Railway which extends as far as the town of 
Chicoutimi. From June to November the Saguenay is navigable 
from the St. Lawrence to Chicoutimi. The flow of the river at the 
dam site ranges from about 20,000 c. f. s. in March and April to as 
high as 350,000 c. f. s. in May and June. The summer season 
usually begins late in May and the first freeze may be expected 
any time after September Ist. The first snow falls about the 
middle of October, and the atmospheric temperature drops to as 
low as 40 and 50 degrees below zero in the winter months. In 
scheduling concrete work it is the practice to have winter protec- 
tion equipment ready for use early in September. 

DESCRIPTION OF PROJECT 


Chute a Caron Dam and Power House is being built by the 
Aluminum Company of America as the first phase of what 1s 


*Concrete Technician, Aluminum Company of America. 
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Fic. 1—THE LOCATION OF CHUTE A CARON DAM 


known as the Shipshaw development. The dam is the gravity 
section type and has a total crest length of 3015 ft. The maximum 
height from river bed is 200 ft. and the greatest width at the base 
is about 175 ft. In the power house, which is approximately 
55 x 300 ft., there will be installed four units of 60,000 h. p. each 
at 151 ft. head and 120 r. p.m. The estimated quantity of con- 
crete is about 460,000 cu. yds. As this paper is being written, 
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about 300,000 cu. yds. have been placed. Construction was 
started late in 1927 and the first concrete placed in June 1928. 
The project is scheduled for completion in September 1931. 


PERSONNEL 


The work is being done under the direction of James W. Rickey 
and James P. Growdon, chief and assistant hydraulic engineers 
respectively. Ross White is superintendent on the job and J. K. 
Black is assistant superintendent. The mixing, placing, testing, 
and general control of the quality of the concrete work is in the 
hands of a concrete technician who is responsible to the chief 
hydraulic engineer. 

INTRODUCTION 


Recognizing the value and necessity for the very highest 
quality of concrete in its hydraulic structures, and aided and 


Fic. 2—THE SAGUENAY RIVER AT FLOOD STAGE 


inspired by the research work and teachings of various engineers 
and investigators, The Aluminum Company of America is 
making a very determined effort to mix and place concrete in 
accordance with modern accepted practice. Probably the first 
step toward scientifically placed concrete was taken in 1917 on 
the Cheoah Dam. On this structure the old void theory was used 
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Fic. 3—PANORAMIC VIEW SHOWING PROGRESS 


as a basis for mixture design. Later, in 1926, construction on the 
Santeetlah Dam was started and an effort made to follow the 
fineness modulus theory of proportioning. During the first few 
weeks the mixing plant was in operation it was quite evident that 
any method based on absolute uniformity of aggregate gradation 
could hardly be successful on work of this magnitude. Since the 
water-cement ratio law was recognized as a sound basis for mix- 
ture design, it was thought that a satisfactory and safe method of 
proportioning would be to fix the quantity of water per bag of 
cement in accordance with Abram’s curves, and arbitrarily ad- 
just the aggregate quantities to produce the desired workability. 
This method gave excellent results, was simple in operation, and 
seemed to be in line with current practice. It has been continued 
in substantially its same form up to the present time. Once the 
water-cement law was put into practice, attention was auto- 
matically directed toward the effect of aggregate gradation on 
workability and concrete yield. Due to segregation in the storage 
bins, batches of coarse aggregate containing an excess of certain 
sizes would yield a relatively small amount of harsh concrete 
while other batches containing certain other sizes would yield 
more than the calculated quantity of a smooth, easy working 
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OF CONSTRUCTION, AUGUST, 1929 


mixture. A number of experiments were made which resulted in 
the rather unusual grading of the coarse aggregate used on the 
Chute a Caron job. The matter of gradation will be discussed 
more in detail elsewhere in this paper. 

Having in mind the severe climatic influences which structures 
in northern Quebec must withstand, a full knowledge of the harm- 
ful effect of percolating waters, and with an eye on other struc- 
tures of similar design which are showing signs of disintegration 
long before it should be expected, those directly concerned with 
the placing of concrete in the Chute a Caron Dam set out to build 
a structure which would stand up indefinitely under these most 
severe conditions, and which would prove the value of painstaking 
inspection and careful adherence to modern theories of mixture 
design and placing methods. 


SPECIFICATIONS FOR CONCRETE 


Since the construction work was to be carried on by Aluminum 
Company forces, and the concrete placed under the direct super- 
vision of a Concrete Technician, it was not considered necessary 
to prepare in advance the usual detailed specifications for the 
concrete work. The designing office simply specified three 
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Fic. 5—SHOWING POSITION OF CLASS A AND C CONCRETE IN 
BULKHEAD SECTION 


principal classes of concrete. The matter of quality of aggregates, 
mixture design, workability placing methods, curing, and winter 
protection, being left to the judgment of the Concrete Technician. 
The three classes of concrete specified are as follows: 

Class A Concrete—Compressive strength 3000 Ib. per sq. in. at 
28 days. Maximum size of coarse aggregate 6 in. 

Class B Concrete—Compressive strength 3000 Ib. per sq. in. at 
28 days. Maximum size of coarse aggregate 3 in. 

Class C Concrete—Compressive strength 1500 lb. per sq. in. at 
28 days. Maximum size of coarse aggregate 6 in. 


The strengths designated are based on 6-in x 12-in. laboratory 
test cylinders modified, as will be explained later, to compensate 
for the unusual size of the coarse aggregate. The compressive 
strengths of 3000 Ibs. and 1500 Ibs. for class A and class C con- 
crete respectively, were specified more for the reason that these 
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strengths assured to a certain degree the waterproof and weather- 
resisting qualities desired for the classes indicated—rather than 
that these strengths were actually called for in the design of the 
structure. The positions of class A and class C concrete is shown 
in Figs. 5 and 6. Class B. (3-in. coarse aggregate) concrete is 
intended for use in parts of the dam and power house where the 
amount and spacing of reinforcing steel and the size of the 
members precludes the use of the 6-in: coarse aggregate used in 
class A concrete. From the accompanying sketches it will be 
noted that class A concrete forms the outer coating or veneer of 
the structure. Exceptional care is_used in proportioning and 
placing concrete of this class in order to have it as dense and 


Fic. 6—SHOWING POSITION OF CLASS A AND C CONCRETE IN FREE 
SPILLWAY SECTION 


water-tight as possible. Class C concrete forms the interior mass 
or core of the dam where the principal requirement is a weight of 
150-lbs. per cu. ft. 

SELECTION OF AGGREGATES 


The original test borings and early excavation work on the 
project gave evidence that a sufficient quantity of stone of satis- 
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factory quality would be taken from the various excavations to 
supply the coarse aggregate for concrete. The geological name 
of the stone is Anorthosite, described by Prisson and Knopf 
(“Rocks and Rock Minerals’) as a rock composed wholly, or 
nearly so, of a plagioclase feldspar, usually the variety labra- 
dorite. It is noted as being the most abundant representative 
of the group of igneous rocks that are composed essentially of one 
mineral. It is found in Canada in separate areas from the west 
coast of Newfoundland and the east coast of Labrador down 
through Quebec into eastern Ontario. One of these areas, drained 
by the Saguenay river, covers nearly 6000 square miles. The 
particular type of Anorthosite taken from the dam excavations is 
dark grey and very hard. It produces rather heavy wear on the 
crushers, screens and conveying equipment but breaks into well 
shaped fragments for concrete aggregate. 


While preliminary studies of the dam site were being made 
several deposits of satisfactory concrete sand were noted but the 
extent of these deposits was not developed at the time. About 
four months before concreting was to begin, exploration parties 
were organized to put down test pits and procure test samples. 
The standard by which the sand was to be selected was; (a) it 
should be structurally sound; (b) free from a harmful amount of 
organic matter; (c) should not contain more than 3 per cent (by 
weight) of silt or clay; (d) should have a fineness modulus between 
2.5 and 3.3. The first test pits developed that the areas noted in 
the original survey either did not include a sufficient quantity 
or the sand did not meet specifications for quality. It was then 
necessary to extend the work of the exploration parties to in- 
vestigate other possible sources of supply. The test pit crew, 
which consisted of from 35 to-50 men, was divided into small 
groups or reconnaissance parties—each party being directed by a 
concrete inspector. Well does the writer remember the difficulties 
encountered in this task, and the feeling of hopelessness that 
seemed to prevail in the minds of the “prospectors.”’ The ground 
was covered with from three to five feet of snow which denied the 
men the aid of surface indications, all cruising had to be done on 
snowshoes, the thermometer often got down to 30 and 40 below 
zero and the wind would blow snow into the test pits almost as 
fast as it could be shoveled out. All test samples had to be carried 
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two miles or more to the laboratory by dog-team or sled. The 
procedure in locating test pits was substantially as follows: One 
of the reconnaissance parties, with the aid of topographical maps 
and by scratching the surface of the ground here and there, would 
report a promising area to the gang foreman. Three or four small 
groups of men would then be detailed to dig as many test pits. 
The pits would be started 6 ft. long and 4 ft. wide and carried to 
whatever depth it seemed advisable—some were dug to a depth 
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Fig. 8S—TyYpIcAL REPORT ON TEST PIT 


of only 3 or 4 ft. and then abandoned while others were made 20 
or 30 ft. deep. In one instance a pit was carried to 80 ft. When- 
ever it was thought advisable to go deeper than about 12 ft., the 
hole was cribbed and sheeted. The material in each hole was 
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recorded and sampled—regardless of its quality. The location 
of each test pit was plotted on the topographical maps and a 
separate report sheet made out for each hole. Fig. 9 shows a 
sample of the report form used. 

It should be noted that the land over which these investigations 
were made was originally under the Labrador Ice Sheet and that 
the sand and gravel deposits are of glacial origin. It was often 
quite confusing to attempt to follow out the peculiar stratification 
of the different materials showing up in the test pits. Often a 
good grade of sand would appear in basin-like pockets, and again 
in extended beds or strata of varying widths and thicknesses and 
invariably the sand beds would be streaked with seams, usually 
2 or 3 in. thick, of a very dense clay. After over three months of 


Fic. 9—THE PEDNAUD PIT 


exploration work, three areas of satisfactory sand were located, 
estimated to meet the demands of the project. These areas are 
known locally as Pednaud Pit, Price Pit and Carten’s Point. 
The Pednaud Pit was the nearest (1-mi.) to the mixing plant 
and required less stripping and track work. It was opened in 
April 1928 and was used throughout the 1928 season. Approxi- 
mately 60,000 cubic yards were taken from this area. The 
grading of the Pednaud sand gave a fineness modulus of from 
1.86 to 2.83 which was somewhat finer than was actually desired 
but it contained very little organic matter and was comparatively 
clean. The clay and silt content averaged less than 3 per cent. 
The Price pit was opened late in 1928 but was not used until 
May 1929. This area is about 4 miles from the mixing plant. 
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The pit supplied about 150,000 cubic yards of material, netting 
approximately 100,000 cubic yards of screened sand—or just 
about enough to meet the requirement for the 1929 season. The 
Price sand gave a fineness modulus of from 2.43 to 3.64, somewhat 
coarser than Pednaud sand. The clay and silt would average 
slightly above 2 per cent, with occasional pockets showing as high 
as 4 per cent. Certain sections near the top surface of the pit 
when examined for organic matter showed a medium brown color 
under the sodium-hydroxide test. Such sections were rejected. 

The Carten’s Point area has been reserved for the 1930 con- 
creting season. It is about 5 miles from the mixing plant and its 
development involves the construction of a 120 ft. bridge across 
the Shipshaw river and an extension of 0.75 miles to the existing 
railroad system. The sand from this pit will show about the same 
grading as the Price Pit, but with less clay and silt and a lower 
percentage of gravel. 

SAND SCREENING PLANT 


The sand taken from the Pednaud Pit in the 1928 season con- 
tained occasional large boulders but practically no gravel, con- 
sequently it was considered unnecessary to pass it through a 
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Fic. 10—SHOWING GRADATION OF SAND TAKEN FROM PEDNAUD 
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screening plant. The boulders were removed by hand as the 
sand was being loaded on cars. 

The pit-run material from the Price Pit, from which sand was 
obtained for the 1929 season, was not as uniform as the Pednaud 
sand and contained from 10 per cent to as high as 50 per cent 


Fic. 11—THeE PRICE PIT 


gravel. A screening plant was necessary to separate this material. 
The plant consists of two sets of bar grizzlies which remove all 
boulders and cobbles larger than 21% in. and a vibrating screen 
having 5-in. openings separates the remaining material into 
finished sand and waste gravel. In Fig. 12 the receiving hopper 


- 


Fic. 12—SaAND SCREENING PLANT 


and conveyor belt to the screen house are shown in the center, 
the conveyor belt and storage pile at the left, and the conveyor 
for the waste gravel is seen at the right. Sand is reclaimed from 
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Fig. 13—FLOW SHEET OF PLANT 
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the storage pile and placed in a bin above the mixers, by a guy- 
derrick using a 2-yd. clam-shell bucket. 


CRUSHING PLANT 


The plant in which the coarse aggregate is manufactured con- 
sists of a series of crushers, screens, and conveying equipment as 
shown in Fig. 13. The primary breaker is an 84-in. x 66-in. Jaw 
crusher. This machine will take a 48-in. rock and turn out a 14- 
in. product. The secondary crusher is a No. 15-N Allis-Chalmers, 


Fig. 14—CRusHING AND MIXING PLANT 


gyratory type; the feed is 14-in. and the product 6-in. There are 
four Allis-Chalmers 6-N gyratory crushers whick reduce the 6-in. 
stone to 3-in. when required for Class B concrete. The product 
of the secondary crusher is passed through a pair of revolving 
screens having 2-in. circular openings which remove, and waste 
all material smaller than 2-in. The coarse aggregate is graded 
from 2-in. to 6-in. By means of laboratory experiments and 
actual field tests it was found that coarse aggregate of this grada- 
tion will produce better concrete for less money than a uniformly 
graded aggregate, for the following reasons: 

(a) A greater quantity of coarse aggregate can be added to a 
fixed amount of mortar and still produce a workable mass, than 
is possible with aggregate of “ideal” gradation. This amounts to 
a reduction of unit cement content, which means more economical 
concrete. 

(b) It was found that any coarse aggregate ideally graded from 
14 in. to 6 in., shows a pronounced tendency toward segregation 
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and grouping of sizes. This is especially noticeable in a 2-yd., 
or larger mixer. This grouping of sizes tends to harshen the 
mixture and interferes with workability. If the mortar content 
is increased until the mass becomes workable, it amounts to 
roughly 125 per cent of the voids in the stone. 

(c) Unless the ideally graded coarse aggregate is separated into 
two or three sizes and then re-combined in the proper proportions, 
there is a very noticeable separation of sizes, or raveling, in the 
storage bins. This feature becomes quite troublesome due to the 
wide variation in gradation from batch to batch. With the 
smaller sizes removed, the raveling is reduced to a minimum and 
the workability and quality of the concrete becomes more nearly 
uniform. 


Fig. 15—Crement WAREHOUSE 


(d) In aggregate graded from 2 in. to 6 in., a mortar content 
equal to about 110 per cent of the voids in the stone will produce 
a workable concrete. 

CEMENT 

Cement is purchased in bulk from the mills at Montreal and 
delivered to the job in daily shipments calculated to be slightly 
in excess of the amount required to meet the concreting schedule. 
The shipments range from 3 to 10 cars per day. The cars are 
spotted on an elevated track above the main storage bins where 
they are unloaded by mechanical scrapers. The actual unloading 
from cars to warehouse is handled by contract at a fixed price per 
ton—based on the railroad’s weights. The mechanical unloaders 
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were installed and are maintained by the Aluminum company. 
Six screw conveyors placed below the floor level in the main ware- 
house’ bring the cement to a 30-in. belt conveyor which delivers 
it to a surge bin in the mixing plant building. From the surge 
bin it is again handled by screw conveyors to the batch weighing 
apparatus. At the time this paper is being written 1690 cars, 
containing a total of 73,962 tons of cement, have been delivered 
to the job. At this particular time the placing of concrete has 
been discontinued temporarily and the quantity of cement in 
storage has been intentionally reduced to a minimum in order that 
a check might be made. A summarized statement shows a 
shortage of 1.0 per cent of the total shipments, e. g., through car 
leakage, wind loss, handling loss, and weighing inaccuracy—1.0 
per cent of the cement purchased is unaccounted for. It is safe to 
assume that at least one-half of this cement actually found its 
way into the concrete, and that the other half was direct but 
unavoidable loss. From experience with bulk cement in a half- 
million cubic yards of concrete, and regardless of the loss men- 
tioned above, it appears to possess certain outstanding advantages 
over cement in bags—particularly on the large jobs. It can be 
unloaded faster and more economically—two men with a mechan- 
ical unloader will handle from 16 to 17 tons per hour—it permits 
greater flexibility in the matter of mixer-hatch sizes, and there is 
less chance of error in the quantity going into each batch. 


MIXING PLANT 


The mixing plant consists of two rock storage bins—each 
having a total capacity of 400 cu. yds. of which about 300 cu. 
yds. is “‘live’’ storage; one sand storage bin having a capacity of 
200 cu. yds.; two water storage tanks of 5000 gal. capacity 
each; two water measuring tanks of 30 cu. ft. capacity; a cement 
weighing device and two 4-yd. Smith mixers. The mixers have 
special nickel-steel lings and baffle plates to withstand the 
action of the unusually large coarse aggregate. | 


MIXTURE DESIGN 


The mixture design is based on the water-cement ratio law, 
that is, to a designated quantity of cement and water is added 
sand and stone in sufficient quantity and in the most economical 
proportions to produce a workable mass. The workability is 
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varied to suit placing conditions by manipulating the sand and 
stone quantities rather than by changes in the cement and 
water content. The concrete strengths obtained by this method 
are parallel to, but slightly above Abram’s curves. 


MEASURING AGGREGATES AND MIXING CONCRETE 


Sand and stone are measured by volume, cement by weight, 
and water by volume. The mixer measuring hoppers are of the 
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Fic. 16—Jos STRENGTH CURVE PLOTTED WITH ABRAM’S CURVES 


circular type which is standard equipment for Smith mixers of 
this size and model. They are partitioned into two compart- 
ments for sand and stone, the cubic contents of each section being 
calculated per inch of depth. To the casual visitor at the mixing 
plant this system of proportioning seems rather inaccurate and 
haphazard. As a matter of fact it is recognized as being less 
efficient than the weighing method—nevertheless, the accuracy 
with which trained and experienced operators fill the hoppers to 
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Fic. 17—4-YbD. BUCKETS BEING LOADED AT PLANT 


the desired point is rather astonishing. To be convinced of this, 
one has but to observe the uniform quantity of concrete in the 
4-yd. buckets leaving the plant. These buckets are calibrated 
per half-inch of depth and the plant inspector checks his propor- 
tions and yield by frequently measuring the amount of concrete 
in the buckets. The bucket measurements are taken after the 
concrete reaches the forms since the movement of the train causes 
the concrete to settle or flatten out. Another very convincing 
check of the accuracy of this system of measuring the aggregates 
is evidenced by a comparison of the batch-count quantities with 
the engineers’ cross-section. measurement. On January 1, 1930, 
the total concrete placed, according to batch-count, was 286,625 
cu. yds. The engineers’ figures at this time showed 288,658 
cu. yds., or about seven-tenths of one per cent more than the 
batch-count. Compared on a month by month basis, the batch- 
count would vary from 4.1 per cent above to 2.8 per cent below 
the engineers’ figures. Since the engineers’ monthly estimate 
assumes each form section to be level full instead of irregular as 
is actually the case, it is safe to say that the monthly batch- 
count is more accurate than the cross-sections. 

The cement weighing apparatus consists of a Fairbanks-Morse 
5200-lb. capacity platform scale equipped with a full capacity 
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direct reading dial, on which is mounted a weighing hopper of 
job design. The dial is graduated to 2 lbs. The scale is tested 
over its entire working range with test weights once each week 
and, as explained, the accuracy of the equipment is known to be 
within less than one per cent. 

The water measuring equipment is also of job design. It con- 
sists of two 5000 gal. storage tanks which are supplied from the 
job reservoir. These tanks are on the hopper floor of the mixing 
plant building and feed by gravity to two measuring tanks at the 
mixers. The large storage tanks were installed to provide means 


Fria. 1S—CErMENT SCALE AND BATCH-HOPPER 


of heating the water in the winter season. The measuring tanks 
are 2 ft. 3 in. in diameter and 7 ft. high and have gauge glasses 
graduated in cubic feet for each 1% in. of depth. Readings to 
each 14 in. can be made by interpolation. The gauges are fitted 
with movable indicators which can be set at various positions to 
give the desired quantity of water for the different classes of con- 
crete. The plant inspector signals the gauge setting from the floor 
above by a system of colored lights, arranged to correspond with 
the gauge indicators. 

The mixing time is controlled by sand glasses in the hands of 
the assistant plant inspectors. This man spends his entire time 
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in a small glass-enclosed cabin, between the two mixers, and 
projecting far enough from the face of the main building to 
enable him to observe the dumping of the mixers and also to have 
an unobstructed view of the railroad tracks in either direction. 
He is in touch with the hopper floor and with both mixers by 


eves 


Fic. 19—REAR VIEW OF MIXERS—SHOWING WATER-MBASURING 
TANKS AT RIGHT 


signal lights and electric buzzers. When all of the ingredients of 
a batch have been placed in the charging hoppers a light is 
flashed to the floor below. At the proper time the discharge gate 
is opened and the aggregates begin to flow into the mixer. When 
the charging hopper is completely empty a light is flashed to the 
assistant inspector who immediately up-ends his sandglass. 
When the mixing interval is complete he gives a buzzer signal to 
the mixer operator and the batch is discharged into the concrete 
buckets. The mixing time is continued for a minimum of 2-min. 
after all ingredients are in the drum. In cold weather, or when 
the working schedule permits, the batches are mixed 3-min. 

In addition to timing the batches, the assistant plant inspector 
keeps the record of the number of batcher of each cless of concrete 
produced and the location in which it is placed. He does this 
by recording the time that each train arrives at the plant, the 
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time required to load, the time the train departs, and the amount 
and class of concrete carried on the train. His record also shows 
the number of minutes lost each day on account of inefficient 
train movement, mechanical trouble at the plant, etc. It is 
surprising how a record of this character can be used to uncover 
inefficient methods and increase production. Ona job of this size 
an accurate record of plant production is very important since it 
is from such a record that the Concrete Technician must study 
his unit material quantities and other data necessary to the 
proper design of the concrete mixtures. During the past several 
years the writer has tried out almost all types of mechanical 
counters, punch boards, and the various other methods of tallying, 
and has reached the conclusion that the method described here is 
about the most efficient for a job of this kind. 


TRANSPORTATION SYSTEM 


Concrete is handled from the plant to the forms in 2-yd. or 
4-yd. buckets spaced four to the car and hauled by 40-ton dinky 
locomotives. The length of haul to the work on the south shore 
of the river is about 1 mile, and to the north shore, about 4 miles. 
The average running time to the north shore is 15 min., the 
maximum age of concrete after dumping being about 50 min. 
From six to ten trains are used on a normal! day’s run although 
the smaller number will scarcely take the plant capacity except- 
ing under the most favorable conditions. 

To facilitate train movement and to prevent loaded concrete 
trains being delayed at meeting points, etc., a dispatcher is 
employed to regulate the traffic. This man has an office on top 
of the mixing plant building from which he has a view of prac- 
tically all main-line trackage and is in communication with 
control points by telephone. In general, the train rules specify 
that concrete trains are superior to all other trains, and loads 
have a right over empties. 

The concrete buckets in use on this work are of a special design 
worked out by J. P. Growdon, assistant hydraulic engineer. 
They differ from the old type in having vertical sides and center- 
dump. With the stiff mixtures used it was found that buckets 
with sloping sides (smaller at the bottom than at the top) were 
quite difficult to dump and caused considerable delay which, of 
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Fic. 20—VIBRATING CONCRETE 


course, resulted in reduced production and increased costs. The 
new type of bucket is regarded by those who use it as the greatest 
improvement in placing equipment of this kind to be developed 
in recent years. 


PLACING METHODS 


The working schedule on this project requires the use of four 
placing gangs. A gang consists of 1 foreman, 2 bucket-hookers, 2 
bucket-dumpers, 4 vibrator-men, 2 spade-men, and 2 laborers— 
13 men in all. The work usually handed by a general concrete 
foreman is taken care of by the concrete technician and his staff 
of inspectors. In addition to the four placing gangs there is a 
small auxiliary crew composed of an electrician who services the 
vibrators, 3 concrete finishers, and 5 laborers who perform the 
various duties connected with curing the concrete. During the 
winter months this auxiliary crew is augmented by pipe-fitters 
and extra laborers. 


Concreting Methods at Chute a Caron Dam 339 


Before describing the placing methods it will be necessary to 
describe the electric vibrators which are used to compact the 
concrete. One of these machines is shown in Fig. 20. It consists 
of 14-h. p., 3-phase induction motor with an unbalanced rotor 
revolving at 3600 r. p. m. attached to a wooden foot which 
transfers the vibration to the concrete. The vibratory effect is 
apparent for a depth of about 16 in. in the mass. Two of these 
machines placed on top of a 4-yd. batch of concrete so stiff that 
ordinary tamping methods would make but little impression on 
it, will in the space of about 3-min., puddle it into a flat and com- 
pact mass, squeezing out the entrained air, and forcirg the con- 
crete into form corners and faces—leaving a smooth surface when 
the forms are removed. 


The weight of this type of vibrator is about 160 Ibs. and two 
men are required to handle it. There are two vibrators with each 
placing crew. The effectiveness of the machine is greatly in- 
creased if the operators stand on the tamping foot. For forms 
too small to allow the use of vibrators directly on the concrete, 
another type of machine—having the same size and kind of 
motor—is used which clamps on the studding of the form and 
vibrates the entire form. This type is of particular value on thin, 
heavily reinforced walls. 


Since stiffer mixtures can be placed where vibrators are used as 
a means of tamping, it is estimated that, for a given water- 
cement ratio, the batch yield can be increased from 5 to 10 per 
cent—depending on the type of aggregate. 


It should be emphasized that the mixtures used on this work 
are not so dry and harsh that they cannot be puddled properly— 
as a matter of fact, if the mixture were dumped in half-yard 
quantities it could be worked easily by the usual method of 
tramping. It is the size of the batch that necessitates more than 
ordinary treatment. If the workability of a 4-yd. batch of con- 
crete is brought to the point where successive batches can be 
dumped in the forms at 3-min. intervals and properly compacted 
without mechanical means, the quantity of coarse and fine 
ageregate must be reduced sufficiently to make the mass flow 
easily. If this were done an accumulation of excess water would 


340 JouRNAL of THE AMERICAN Concrete InstiruTE—Proceedings 


be noticeable and the yield, as stated above, would be reduced 
from 5 to 10 per cent. 


To provide a means of communication between the mixing 
plant and the forms a telephone system was installed and instru- 
ments placed at convenient points on the dam and in the power 
house area. The traffic over this line is principally between the 
placing inspectors and the mixing plant and effects changes in 
workability to suit different placing conditions—changes in the 
class of concrete being used, orders to start or discontinue mixing, 
ete. 


No concrete is started from the plant to the forms until the 
placing inspector has phoned the pliant that his form is ready to 
receive it. This means that the form-work itself has been in- 
spected and found to be in satisfactory condition and the rock 
foundation or old concrete surface thoroughly cleaned and 
sprinkled. The first concrete to be placed in the form is a batch 
of grout. This consists of a mixture of sand and cement mixed 
in the approximate proportions of 1:2 and having a water-cement 
ratio of 0.80. The consistency is about the same as very thick 
cream. In the case of a large block in the dam, the grout is 
dumped in the center of the form and as near as possible to the 
down-stream face. It is spread in both directions, parallel to the 
down-stream face, by means of wire brooms and vigorously 
scrubbed into the old surface. After this is done the batches of 
class A concrete are deposited successively starting at one side 
of the form and extending across to the opposite side. As soon 
as the first batch is dumped the vibrator crews place their 
machines on it and compact the mass until it is flattened out to a 
thickness of approximately 12 in. After the down-stream face 
has been brought up to about one-half the depth of the scheduled | 
lift, the crew is shifted to the up-stream face and this section is 
brought up in the same manner. The procedure just described 
leaves a valley across the center of the form between the two 
ridges of class A concrete. This valley is then filled with the 
class C mixture. The remaining portion of the lift is filled in the 
same manner as the first. When the form is about to be finished 
off, the final buckets are dumped in such a manner as to form a 
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series of ridges and valleys parallel to the face of the block. These 
corrugations are from 18 in. to 36 in. deep. 


The concrete placed in the power house forms is not usually as 
stiff as that placed in the dam and on the greater part of it 2-yd. 
buckets are used. In some cases where the form is too small to 
permit the use of even the 2-yd. buckets, the concrete is dumped 
into skips, hoisted to the edge of the form with derricks and 
shoveled in by hand. 


CURING METHODS 


In all but freezing weather, all sections of freshly placed con- 
crete are kept wet for five days. There is one exception to this 
rule—when a successive lift is placed on top of the first in less 
than five days. The wetting is done by the simple and sure 
method of definitely assigning certain men to keep sprinkling 
each new section until they are told to stop. Strange as it may 
seem—the sun often gets quite hot in this part of Canada, and at 
such times all freshly finished sections are covered with tarpaulins 
or burlap. 


WINTER PROTECTION 


It is the intention here to describe only in a general way the 
methods used in protecting concrete from freezing.* 


The cold weather protection objective is to deliver concrete to 
the forms in such a condition and protect it in such a way that the 
temperature of no part of the mass will fall below 60° F. for at 
least 72 hrs. Experience on this project has shown that it is 
possible to realize this objective at temperatures as low as 35° 
below zero. 


In the present season the temperature of the water in the 
Saguenay river, which is used for mixing, dropped from 65° F. to 
55° F. from September 1 to October 1 and the mean air tempera- 
ture from about 62° to 48° in the same period. The first freeze 
was on September 19, and the thermometer first reached the 
zero mark on November 23. December 5, it was 10° below zero; 
December 7, 20° below, and January 5, 30° to 35° below. The 
temperature of the river water in January was Bs 


*This subject is to be covered in detail in Mr. Burk’s discussion as a critic member of Com- 
mittee 604—‘‘ Winter Concreting Methods.” 
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Protection equipment consists of two 80-h. p. boilers at the 
mixing plant for heating water and sand. At the forms there is 
one 70-h, p., one 45-h. p. and three 15-h. p. boilers and about 30 
salamanders. The covering equipment consists of 200 tar- 
paulins, 20 ft. x 20 ft., and about 300 panels, 4 ft. x 10 ft. The 
panels are light wooden frames covered with canvas and roofing 
paper. 


Fig. 21—SHowine 4 Ft. x 10 FT. PANELS ON VERTICAL SURFACE 
OF FORM AND CANVAS COVERING OVER THE TOP 


October 1, the boilers at the mixing plant were put into opera- 
tion and the mixing water heated to about 80°. This temperature 
was Increased to a maximum of 190° as the weather got colder. 
On November 23, steam jets were put in the sand storage bin 
and stock-pile, and a little later jets were installed to discharge 
into the mixer drums. No attempt is made to heat the coarse 
aggregate. 

The steam jets in the sand bin are not very effective for heating 
while the plant is in operation since the flow of sand through the 
bin is too rapid—however, they are quite useful for keeping from 
freezing the sand that is left in the bin over night and during 
periods when the plant is not in operation. The most effective 
method of heating sand on this project was found to be by means 
of steam jets placed in the cars hauling sand from the pits to the 
plant—and in the outdoor stock-pile. Eight 1-in. jets placed in 
a 30-yd. car for about 3-hrs. will thaw all frozen lumps and heat 
the sand to better than 100° F. An added benefit of heating in 
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the cars lies in the fact that the hot sand prevents the conveyor 
belts and screens in the screening plant from freezing. Sand will 
lose as much as 20° in temperature in passing from the screening 
plant to the mixer bins. From 10 to 15 movable jets are used for 


Fiq. 22—FROZEN LUMPS IN SAND STOCK-PILE 


thawing the frozen crust and for keeping the sand warm in the 
outdoor stock-pile—this storage being used only when the sand 
deliveries are not equal to the mixing plant requirements. The 
effectiveness of the stock-pile jets is increased if the sand is 


covered with tarpaulins. 
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Figs. 24 anp 25—Car DESIGNED TO REDUCE 
DURING TRANSPORTATION 


HEAT RADIATION 
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A 1-in. steam jet is arranged to discharge into the charging end 
of the mixer drum during the time a batch is being mixed and by 
means of a quick-acting valve can be cut-off while the mixer is 
dumping. Experiments have indicated that this live steam in the 
mixer will increase the temperature of the concrete as much as 
10° during 3 min. of mixing. 


With the heating equipment described above, the temperature 
of the concrete at the time it is discharged from the mixers is 
maintained at from 70° to 95° F. It would be possible to heat it 
beyond these temperatures, however, 100° F. has been designated 
as the maximum point to which the concrete shall be heated on 
this work. A temperature loss of as much as 8° has been noted 
between the time the mixture is placed in the buckets at the plant 
and its final deposit in the forms. This is the extreme, however, 
and represents conditions on the longest haul. In order to reduce 
the temperature loss on the long haul to the north shore, a special 
car having enclosed sides and a canvas cover was built. This car 
is now in experimental stage and no very definite information can 
be given as to its efficiency, but it is believed that it will be of 
considerable benefit. So the derricks may remove the buckets 
without damaging the car, the sides are made in hinged sections 
as shown in Fig. 26 and 27. This feature also allows all buckets 
except the one being handled by the derrick to remain under 
cover. The experiments under-way also contemplate the dis- 
charge of live steam, supplied by the locomotive, into the car 
while in transit. 


Rapid transportation with no delays anywhere along the line 
is very necessary in cold weather and arrangements are made to 
have everything in readiness at the form before the concrete 
leaves the plant. The transportation system must be arranged 
in such a way that other construction trains are clear of the main 
tracks and sidings to be used by concrete trains; the derricks must 
be in proper working order and the operators “standing-by”’ to 
handle the concrete from cars to form with the least possible 
delay; the foundation upon which the fresh concrete is to be 
placed must be thoroughly thawed by steam and kept as warm as 
possible; and the outer sheeting on the form must be in place and 
the area between it and the form properly warmed by steam coils. 
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Fic. 26—EXAMPLE OF WINTER PROTECTION—THE UPPER SEC- 
TION OF A BLOCK IN THE DAM BEING CURED—AIR TEMPERA- 
TURE 20° BELOW ZERO 


Fic. 27—PRoTECTING NARROW WALLS IN THE POWER HOUSE 
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When everything is in readiness the actual placing of concrete 
proceeds in the same manner as already described. 

As soon as any section of the form is filled, a rough wooden 
frame is built over it to support the tarpaulins—generally about 
3-ft. above the concrete. The tarpaulins are then placed and 
steam coils put under them. Thus, the entire form is covered in 
a very short time after it has been filled. Special crews, directed 
by inspectors, are detailed (one gang during the day and one at 
night) to inspect the steam lines and keep the temperature within 
the protective enlecosure up to the desired point for at least 72- 
hrs. Wherever it is possible to do so without interfering with the 
progress of construction, forms are kept covered for 5 days. 
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Fic. 28—CHART SHOWING RECORD OF TEMPERATURE OF CONCRETE 
AT VARIOUS HOURS AFTER DUMPING 


As the concrete is dumped into the forms and as the placing 
progresses, the inspector takes frequent temperature readings in 
the concrete and notifies the plant if any batches show below 70° 
upon arrival in the forms. While the mixture is soft, thermometer 
wells are placed in order that a record may be kept of the tem- 
perature of the mass during the curing period. The wells are 


348 JouRNAL or THE AMERICAN ConcrETE INnsTITUTE—Proceedings 


made of 14-in. water pipe from 3 to 8 ft. long and are normally 
placed in three particular positions in the form; one at the ,up- 
stream face, one at the center and one at the down-stream face. 
Figs. 28 and 29 show a typical record of temperatures taken in 
this manner. 


ie ave Atel A. ‘ok 4264/99. 
0 10 20 30 40 50 60 70 80 Wo jon 10 {20 [30 40 /50 /60 /70 
Hours atler Dumping 


Fig. 29—CHART SHOWING TEMPERATURE OF CONCRETE PLACED 
IN OBELISK PIER 


It is recognized that live steam, owing to the moisture supplied, 
provides better curing than dry coils—however, it was found 
necessary to arrange the piping so that both types could be used 
on this work. If the jets are opened while placing is still in 
progress, clouds of steam prevent the derrick-runners from seeing 
where to place the buckets, and it also becomes difficult and 
dangerous for the placing crews to work. Consequently, valves 
are placed at intervals in the coils so that dry heat is provided 
during the time the form is being filled, and then the valves 
are opened and live steam supplied when the form is finished. 


INSPECTION 


The inspection organization is composed of one chief inspector, 
two plant inspectors, one placing inspector with each concrete 
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Fic. 30—SKETCH SHOWING POSITION OF THERMOMETER WELLS IN 
OBELISK PIER—TEMPERATURE RECORD SHOWN IN FIG. 31 


gang, one materials inspector, one curing inspector (night-shift), 
two laboratory operators and two sample boys. The laboratory 
is rather well equipped and contains all of the apparatus necessary 
to make the usual tests of cement, aggregates and concrete. 


The plant inspe ctor has direct supervision of the proportioning 
workability and mixing time, and the materials inspector watches 
the quality of sand and stone being produced for aggregates. The 
placing inspectors notify the plant as to the quality of concrete 
required for each form and indicate to the gang-foreman the 
manner in which it is to be placed and cured. The laboratory 
operators carry on the routine testing and make special experi- 
ments and do research work as directed. 


) 


From data furnished by the plant and placing inspectors, a 
daily report is compiled and furnished to the superintendent. 
Figs. 31 and 32 show a typical report of a day’s concreting opera- 
tion. In addition to showing complete data on the mixtures 


350 JoURNAL OF THE AMERICAN CoNCRETE INSTITUTE—Proceedings 


SHEET No. » 
ALCOA POWER COMPANY, LIMITED 
CONCRETE LABORATORY -- SHIPSHAW WORKS 
DAILY REPORT OF CONCRETING OPERATION 
SHIFT. 6:30 a.m TO 5:15 pm. DATE _December lith 19 29 


SHIFT YARDAGE __1180 WEEKS YARDAGE _3096 | MONTHS YARDAGE _7020 TOTAL TO DATE _274,472 


PLANT PRODUCTION 


MIXER HOURS___14¢5 TOTAL BATCHES 298 TIME PER BATCH ___2e91_ __MIN. 


MIXER OPERATION, DELAYS, ETC. 4.75 mixer hours waiting for trains to return from forms, | 


_0,50 mixer hours delay due to large rock blocking gates and left mixer broken down,  __ 
0.25 mixer hours weather delay. 


[se "earckae MIXTURE [sins eo toa) ibu.voa 

| Grout a | 223 45 aaa 2el 16.8 

iss | 19: 45; 105 | .90| 4.2 639.6 

B el_| 24:45; 05 | .20| 36 307.8 

c { ss | 142502215 |1.z0| 43 227.9 
TOTAL PLANT YARDAGE, (BUCKET MEASUREMENT) 1192 


LESS i PER CENT SHRINKAGE 


12 
ACTUAL YARDAGE CREDITED 1180 


CEMENT USED__1563__ pais, 275-45 Tons DAY SHIFT__18 cars 
SAND HAULED 


SAND USED 674 cu. YDS818e4 TONS 
STONE USED___1088 cy. yps. 1248 Tons 


NIGHT SHIFT__O cars 


DAY SHiFT___56__ CARS 
NIGHT SHIFT __Q CARS 


CEMENT UNLOADED AT WAREHOUSE 8 CARS 


STONE CRUSHED { 


TEMPERATURE DATA 
OUTSIDE AIR AT PLANT_¢ 8° To_= 4° F. MIXING WATER _180 yo 190 fF SAND__60 to _90 Ff 
CONCRETE LEAVING PLANT__74° _to__85°_F INSIDE MIXING PLANT 2OSI TO emc0eiE: 
REMARKS: SAND AVERAGE: CEMENT AVERAGE; 
Moisture - 6.0% Class A 4367 per cu. yd. 
- 33.0% oo. Seg "FU 
» Wt. loose wet 90.0% Xo) 3067 *§ & 8 
Clay and Silt (Car Sample) -- 2. Grout 07 " 8 8 
Clay and Silt (Mixer Hopper Sample) 3.1% 
Organic Matter Color - (CLEAR) 
G. D. Durham INSPECTOR 


FORM LAB. No. 3 2/28 BM. 


Fig. 31—PLANT INSPECTOR’S REPORT 
used, this report also indicates the location of, and quantity of 
concrete placed in each form that day. 
TESTS AND EXPERIMENTS 


The*daily laboratory routine consists in testing the cement and 
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SHEETNO 2 


ALCOA POWER COMPANY, LIMITED 


CONCRETE LABORATORY — SHIPSHAW WORKS 


DAILY REPORT OF CONCRETING OPERATION 


PLACING RECORD 


SHIFT__6:30 aeme TO 5:15 peMe DATE__December 11th 1929 
CLASS OF No. OF YieLD | Bucket |tess 1 We 
LOCATION PLACED CONCRETE BATCHES | (CU. YDS.) | YARDAGE | SHRINKAGE Sees 
Block 17H Main Dem Grout 2 2el 4.2 ic 
elev. 203 to 213 
H. Porter - Insp. A 104 Sol 4,26 o& 405 
227-9 3 6 
Power House 
Generator Floor #2 SrONE 5 Bed 1005 
to elev. 123 B 81 3.8 307.8 Sel 
P. M. Fenton - Insp. 315 
Block 14N Pier Grout 1 21 2el 
elev. 210 to elev. 220 
J. L. Schaffner - Insp. A 5B Gel _| 21522 2e1 
213 
298 1180 
TEMPERATURE DATA 
OUTSIDE AIR_4g°TO 49°F. CONC. ARRIVING AT FORMS__70 __ To_80_F. CONC. AFTER DUMPING_65 To 74 F. 
WEATHER CONDITIONS Cloudy with moderate North wind. = 
REMARKS: Held up 10-min. on 17N to thaw out ice in one corner of old surface. 
T. Me Nevin INSPECTOR 


FORM LAB. No. SB 2/28 5M. 
. 


Fic. 32—PLAcING INSPECTOR’S REPORT 


sand, making and breaking concrete compression specimens, 
posting the laboratory records and compiling reports. 
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All physical tests are made on cement in conformity with 
A. S. T. M. standard specification C 9-26—with the exception 
that only one composite sample is tested daily. This composite 
sample is made up from grab samples taken hourly from the 
weighing hopper. Unless there is reason to suspect that the 
cement does not meet specification requirements, shipments are 
not held up until test results are available. On previous projects 
of this type the writer has used the method of having special bins 
set aside at the mill and samples taken as these were filled and 
then the bins sealed until test results were available—he has also 
held bag cement in job warehouses_until 7-day strengths had been 
made. With the exception of a slight variation in fineness on 
rare occasions, ten years experience has indicated that cement 
produced at recognized mills is invariably above standard speci- 
fication requirements. In any event, if it is thought necessary to 
pre-test cement, probably the most convenient and satisfactory 
method of doing it would be for the purchaser to station a com- 
petent man at the mill laboratory—but, in the writer’s opinion, 
this is seldom necessary. The cement tests made at Chute a 
Caron Dam are principally for study in connection with concrete 
strengths. Test results averaged for the past several months 
show the characteristics of the cement to be as follows: 


Setting Time Tensile Strength 
(Gilmore) (1:3 Mortar Briquettes) 
Initial: 2-hr. 50-min. 7-days 286 
Final: 6-hr. 10-min. 28-days 357 
Normal Consistency 23.0 Compression Strength 
Soundness: O. K. (1:3 mortar—2” x 4” cyls.) 
Fineness: 17 per cent 7-days 2087 


28-days 2884 


In addition to visual inspection of the sand being loaded at the 
pits, test samples are taken from each car delivered to the screen- 
ing plant. These samples are taken with a sand riffle at the point 
where the finished sand discharges into the stock-pile and tests 
are made on it for silt and clay and organic matter. A mechanical 
analysis is made twice daily on composite samples. The moisture 
content, bulking, and weight per cubic foot are checked hourly by 
samples taken from the discharge chute of the plant sand bin— 
these tests being made to enable the plant inspector to calculate 
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the amount of free water carried by the aggregate. The weight 

per cubic foot must be based as nearly as possible on the actual 

condition of the sand in the measuring hopper, and this figure is 

obtained by placing a standard cubic foot measure about half- 

way down in the hopper and allowing the sand to fall into it in | 
the same manner that the hopper itself is filled. 


Concrete samples for compression tests are taken from the 
buckets at the mixing plant and brought to the laboratory where 
all particles of coarse aggregate are removed from the mass and 
the remaining mortar formed into 6 in. x 12 in. cylindrical test 
specimens. One group of six specimens is taken to represent each 


co ConcRETE "“F- 
CPSC COME EN ae 


AGE- STRENGTH KELATION 
6+/2 CYLS. ~LAB CURED. 


COMPRESSIVE STRENGTH IN LBS/S5Q/N. 


AGE IN DAYS 


Fic. 33—SHOWING AGE STRENGTH RELATION 


class of concrete being produced each day. Specimens are cured 
under standard conditions and broken at the 7, 28 and 90-day 
periods. Since the concrete contains particles of coarse aggregate 
as large as 6 in., it could not, of course, be formed into specimens 
small enough to be tested in a compression machine of 200,000 
lbs. capacity, which is the size machine normally used in field 
laboratories. If an attempt is made to remove from the mass 
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CONCRETE LABORATORY. ALCOA POWER COMPANY, LIMITED. 


Mixture A) 
Proportions 5 a 

= (Cu. Ft.) ee & Test Specimens 
Ae iler seule Slee) as | gotete 
Ale a_lela/siS lal sel ze [S| ser |e 
4\ 3 Blgl2| 2 /2\2 (=| 2a| é ls : 
Ala Cala) ElElal|a| aS |] of jz B 

1928 

775 |Oct. 1 13|47| 97|16.941.3|1.93/9.5] 106.7} 309 6 |6”’x12” Cyl.| 5” 
182? 13|47|103/16.9|1.3|2.08|9.5| 108.3] 305 6 |6”x12” Cyl.| 5” 
783} 3 19/47] 95|17.1|0.9|2.08/8.8] 102.6] 470 {6 |6’x12” Cyl.| 2” 
789| 3 19|47| 97|17.1|0.9|2.29|8.8| 106.9] 451  |6 |6"x12” Cyl.| 214” 
790} 3 13/47|100|17.1|1.3|2.29/9.5} 111 | 298 6 |6’x12” Cyl.| 6” 
797; 4 20/47] 95/18 0.9|2.28/8.8] 108 | 470 [6 |6’x12” Cyl.| 5” 
798| 4 SEs 14/47/100|12.6]0.9|2.28|9.5| 109.6] 324 {6 |6”x12” Cyl.|1014" 
806] 5 ee 14|47|103|18.2|1.3|2.70}9.5] 114.2] 311 6 |6’x12” Cyl. |10” 
807| 5 Bee 20/47|100]18 |0.9|2.70|9.5) 108.8] 467 |6 |6’x12" Cyl.) 7” 
817| 6 FEE 14|47|103|18.2|1.3|2.59]9.5| 114 | 311 |6 |6’x12” Cyl.| 7” 
818] 6 eX 22/47] 97/19.8]0.9/2.59|8.8| 105.8] 528 |6 |6’x12" Cyl.|1014” 
825] 8 Pe 20/47|100/18 |0.9/2.31|9.5| 114.2] 445 {6 |6’x12” Cyl.| 514” 
828] 8 Ped 14|47|103 |18.2|1.3|2.31/9.5] 107.2] 332 |6 |6’x12” Cyl.| 7” 
835] 9] 2g= 20/47|100/18 o.9/2.41)9.5/ 107.5) 472 6 |6”x12" Cyl] 734” 
836] 9 268 14|47|103 |18.2|1.3/2.41]9.5] 114 | 312 [6 |6’x12” Cyi.| 8” 
842] 10 82 x 20/47|100/18 |0.9/2.78|9.5| 101.9] 475 6 |6’x12" Cyl.| 4” 
843} 10 B38 14]47/103|18 .2|1.3|/2.78]9.5] 113.4] 313  |6 |6’x12” Cyl.| 9” 
851} 11 22/47|100|19.8|0.9/2.22|9.5| 108.5] 514 6 |6’x12” Cyl. |10” 
853) 11 14|47|103 |18.2|1.3/2.22/9.5] 113.9] 313 {6 |6"x12" Cyl.| 514” 
861} 12 20|47|100/18 |0.9|2.14/9.5| 108 | 470 6 |6’x12” Cyl.) 234” 
862} 12 14|47|103|18.2|1.3/2.14]9.5] 114.2] 311 {6 |6’x12” Cyl.| 9” 
868} 13 24/47 /100/21.6|0.9|2.28/9.5} 108 | 564 {6 |6’x12" Cyl.| 9” 
876| 15 24/47 /100/21.6|0.9|2.31/9.5] 108.9] 558 |6 |6’x12” Cyl. |10” 
883] 16 24 |47|100|21.6/0.9|1.91|9.5| 108 564 |6 |6’x12” Cyl.|11” 
884} 16 14|47|100|18.2|1.3]1.91]9.5| 110.7] 321 |6 6’x12” Cyl.| 6” 


*Typical Monthly Consolidated Strength Report. 
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RECORD OF COMPRESSION TESTS ON CONCRETE SPECIMENS. * 


COMPRESSION STRENGTH = 
Age 7 Days Age 28 Days Other Ages <I 
Estimated x 
Strength Location in Which = 
a! oe ss Of Con- | Concrete Represented cet S 
Slagle laze» |Z eg Se PUe| = | 
i] a ¢ Gy 32. = a) es = 2 ays Vas > 
Elecies| &| es 5S bees olan. ae 3 
% of 
Mort. 
27 6146000 [1630 27 4| 65000 2207 [108 Dys. 6.9] 84500 aso 
27:3 27.9| 45000|1590|198 Dys.|27.6| 88000/3110| 65 |1260|Block 5- 
3 ee re Ese Br oI ASRS | smbioaiox women se] 
27.6 204 Dys.|27_9| 30000{1060| 65 Block 12-N to Elev. 
28 5175000 2650 89 103000 3640 [205 Dys. 98 81136000 [4805 ee eee ay i 
0] 9100/3215 1205 Dys, (28 _4|140500|4968| 85 |2920/Block 5-N to Elev. 
27. 3|87000|3074 127.0] 9300013283196 Dys. 27 5 (155000 [5480 a a te 
27 3 |88000 [3109 |27 2 [1000003533 [196 Dys. (27.4 |140000|4950| 85 |2900|Block 5-N to Blev. 177/ -8. {789 
97 4|48000|1696 [27.8] 570002014 {196 Dys. |27.6|110000 3900 ae 
97 6|55000|1940|27.1| 71000|2510|196 Dys. |28.0| 97500/3450| 65 {1470|Block 5-NtoElev. 177| 2° |790 
27.5 80000 (2826 (28. 1 |108000|3816|202 Dys. [28.3 |105000 [3710 me 
21. 11840002970 |27..6 {120000 |4240 (202 Dys. \27.7|124500|4405| 85 |3430|Block 5-N to Eley. 190] AS |797 
28 048000 |1696 [28.5| 77000|2720\203 Dys. (27 91130003996 =s 
27.9|47000|1660 28.0] 75000|2650|201 Dys.{28.0| 82000|2948| 80 |2150 [Block 5-N to Blev. 180/ R& |798 
27.7 45000 |1590 [27.7| 68000 |2400|195 Dys. (28.0 {107500 (3800 3 
38 0 46000 |1625 [28.3 | 75000 2650195 Dys. [27-4] 90000/3180| 65 |1640|Block 12-N to Bley. 165] 3'q |806 
97 9 {7800012756 [27.9 {111000 3920|195 Dys. |28. 1135000 [4770 2 8 
28 6|70000 2470 |28. 4 [10500013710/195 Dys.|28.2|123000|4350| 80 [3050 [Block 18-N to Elev. 170| 4 |go7 
283] 7200012544 [193 Dys.|27.9|106000|3740 
28.3 |47000|1660 [27.9| 71000 |2510|194 Dys. (28.0|102000/3610| 65  {1640|Block 18-N to Elev. 173 817 
98 41 99000|3500|194 Dys.|28.2/115000|4070 
27.8|57000|2010|28.2| 8700013074 |194 Dys. 28. 4|141000/4980| 85  |2800 [Block 12-N to Elev. 170 818 
28 4 |109000/3851 |199 Dys. [28.3 134500 |4752 
28 .4|67000|2370 28.1! 98000 3463 {198 Dys. (28.3{139000/4915| 80 |2930|Block 5-N to Elev. 189 825 
27.51 6000012120197 Dys.|28.4| 84500 |2986 
2841370001307 [28.3] 65000 |2297|198 Dys. (28 2| 79000|2790| 65 |1440\Block 18-N to Elev. 178 828, 
28 3 1100000(3533 191 Dys. (28. 2120000 (4240 
28.3 |73000|2580)28.1) 95000 3360191 Dys. 282117500 |4150| 80 [2760 [Block 18.N to Elev. 183 835: 
282} 68000 (2403191 Dys.|27.9| 80000 |2830 
28.5 150000 |1770 128.6) 79000|2800|191 Dys. (28 01110000 |3890| 65 |1690|Block 18-N to Elev. 183 836. 
29 0100000 (3533196 Dys. 28.9 |120500 |4257 
28. 3181000 2863 [28.4 {105000 3710196 Dys. \28.8|124000 |4387| 80 |2900|\Block 12-N to Elev. 175 342 
28.1] 58000|2050|197 Dys.|28.5| 88000(3109 
28.3 |49000|1731 [28.1] 67000|2370|197 Dys.27.6| 89500[3165| 65 |1440 [Block 18-N to Elev. 183 843 
28 1|120000/4240/189 Dys.|28.0| 95000|3360 
28.4|77000 [2720 [28 6117000 4134 |189 Dys.|27.8|145000|5120| 80 |3350\Block 5-N to Elev. 197 852 
28.4] 75000/2650(190 Dys. (28. 1 {000003540 
28.6 |50000|177029.0| 75000 (2650 |190 Dys. (28.4|1145004050| 65 |1720|Block 12-N to Elev. 180 853 
28 6 |120000 4240188 Dys. [28 2|135000|4770 
98 7|7800012756 [28.4 {119000 14205 |189 Dys. (28.3 |135500|4790| 80 |3380|Block 18-N toBlev. 192 861 
28.3} 70000|2470|189 Dys. (28.0 {100500 |3550 
286148000 |1696 [28.2] 71000|2510|189 Dys.|28 5 |103500|3660| 65 |1620|Block 18-N to Blev. 192 862 
; 81 {112000 3958|187 Dys. (28. 1 {120000 [4240 By Pass Wall 125 |North 
28.1 180000 |2826 [28.8 {1000003533 |187 Dys. (28 .0/140000|4950| 80 |3000|/St.17+77—18—40 |Side —_| 68 
28 1116000 [4100192 Dys. |28..6 {135000 [4770 
28 817700012720 [28 0 /119000/4205 |190 Dys.|28.9|121500|4290| 80 |3320|Block 12-N to Blev. 189 876 
278] 760002865 {184 Dys. [27.6 {115000 [4060 
28. 1162000 [2190 128. 1| 98000 (3463 1184 Dys.|28.0|147000|5200| 80 |2520|Block 18-N to Elev. 203 883 
27.9] 68000 [2403 |184 Dys. |28 8] 87500 [3100 
28.3 141000|1448 128.5 { 69000 (24381185 Dys |28.0| 95500/3370| 65 {1570 [Block 18-N to Elev. 203 884 
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ALCOA POWER COMPANY LIMITED 


CONCRETE LABORATORY — SHIPSHAW WORKS 
COMPRESSION SPECIMEN DATA 


MADE BY, E.V,Ne DATE ___October Srd 19 28 TIME 11:00 Gem, 


MATERIAL FOR SAMPLE WAS TAKEN FROM Buckets at Mixing Plante 


Class A concrete being used in Block QJ Elev. 177 


MIXER BATCH MATERIALS 
CEMENT__29 - cu FT.__1786__ LBs. SAND: MOISTURE, 4¢52 %, BULKING SS % F.M.2e29_ 
SAND 70_~ cu. FT.___58610_ Las, STONE __Product of #15 & 6-K Crushers F.y.8.8 _ 
STONE 97 cu. FT.__8250__ LBs. BRAND OF CEMENT USED___Camada Cement Company _ 
WATER 1209 cu, FT,__96.8 GAL. APPEARANCE OF MIXTURE Slump 2}~ins 
BATCH YIELD (WET), 106.9 CU. FT Mix appeared plastic and easy to work. 


CEMENT PER CU. YD. OF CONCRETE,__ 451 LBs. 


MIXING TIME__2 MIN, 21 RevL_per min. 


TEMPERATURE DATA A a 
MIXING WATER_112-152 F SAND __50-56_F CONC. AT PLANT 10 F AR. AT FORMS ___ 69 F 


IN PLACE _67°_F 24 HRS. AFTER PLACING 110° WEATHER Clear and warm 
REMARKS: Urtit weight of sand 83# (loose wet) 


TEST RESULTS 
NUMBER AND SIZE OF SPECIMENS MADE 6 = 6" x 12" cylinders GROUP LAB. No.__—-789 
DESIGNED STRENGTH 3000 LBS.SQ. IN. WATER RATIO__ 069 PROBABLE STR. OF CONC.__ 2900 _LBS.SQ. IN. 


SPEC. No,| DATE BROKEN . TYPE OF BREAK 


|Oct. 10,1928 
T 


AGE END AREA | WEIGHT TOTAL LOAD | UNIT LOAD 


7-days 


Oct. 10,1928 


7-days 


Oct. 31,1928 


28-days 


4 loot, 31,1928] 26-deys| 28,27 | 27.187 | 100,000 3535 


5 Apr. 17,1029|196-days| 28.27 | 27.5 155,000 5480 || - 
6 Pr, 17 a pec _ 28227 
7 


FORM LAB. No. 2 2/26 8M. 


Fig. 34—TYPICcAL REPORT OF COMPRESSION SPECIMEN DATA 
TYPICAL MONTHLY CONSOLIDATED STRENGTH REPORT 


only those stone sizes which are too large for the molds to be used, 
then the quantity of stone remaining in the mass may vary over a 
range sufficient to give very eratic test results. This situation 
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actually developed in the construction of the Santeetlah Dam 
(1926-27). Since the necessity of changing the composition of the 
test-mass to some extent was recognized, it seemed that the 
logical thing to do was to remove all coarse aggregate from the 
mass and simply test the mortar. This brought up the question 
of the relation of mortar-strength to concrete-strength. A special 
test was devised which promised to throw some light on. the 
matter. Test cylinders 3 ft. in diameter by 6 ft. high were cast 
using the unaltered mass of concrete just as it came from the 
mixers, and from the same batch 6 in. x 12 in. specimens were 
made composed of mortar only. The series included several 
different water ratios and enough specimens were made to fill 
three standard railroad gondola cars. These were shipped to 
the National Bureau of Standards and tested at the approximate 
age of 90 days. From the results it was found that the 6 in. x 12 
in. mortar specimens gave strengths equal to from 115 to 135 per 
cent of the 3-ft. x 6-ft. cylinders. While the results were not con- 
clusive in many respects, the data obtained is all being used as a 
means of estimating the “actual” strength of concrete where the 
strength of its mortar, as indicated by 6 in. x 12 in. specimens, is 
known. In determining the probable strength of concrete from 
the known strength of 6 in. x 12 in. mortar cylinders made from 
the same mixture, a correction factor is applied. This factor is 
not a constant but is affected by the water-cement ratio of the 
mixture and the relative quantity of coarse aggregate. For 
example, a mixture having a water-cement ratio of 1.3 with the 
maximum quantity of coarse aggregate, would be considered as 
representing the widest gap in the mortar-concrete strength rela- 
tion and the mortar-strength would be assumed to represent 135 
per cent of the concrete-strength. The opposite extreme would 
be a mixture having a water-cement ratio of 0.80 and being 
slightly over-sanded. In this case the mortar-strength would be 
taken as indicating 115 per cent of the concrete-strength. The 
correction factors have been applied to the “Job Curve” shown in 
Fig. 16 and to the strengths indicated in Fig. 33. 

Fig. 34 shows a typical report on a single group of compression 
specimens and the strength table shows the consolidated monthly 
report of the mixtures used and strengths obtained. During the 
1928 season the average quantity of cement per cubic yard for 
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the various classes of concrete was as follows: Class A, 503-Ibs.; 
class B, 572-lbs.; class C, 336-lbs.; Grout, 989-lbs. The average 
of all classes was 461-lbs. 
CONCLUSION 

The type of field inspection and the methods of mixture design 
and control described in the foregoing pages had not interferred 
to any appreciable extent with the progress of construction and 
the cost is not much above the sum usually paid to outside con- 
cerns for testing the cement alone. It is needless to say that the 
success of inspection of this character depends to a very large 
extent upon the attitude of the chief engineer and the cooperation 
of the job superintendent. On this project, Mr. Rickey and his 
assistants have not only encouraged the organization by frequent 
inspection trips to the job, but have contributed valuable sug- 
gestions and advise. Mr. White, superintendent, has given his 
full cooperation and assistance at all times. 


Readers are referred to the JouRNAL for June, 1930 for discus- 
sion which may develop. Such discussion should reach the Secretary 
by May 1, 1930. 


Stupy oF METHODS or CuRING CONCRETE 


BY H. F. GONNERMAN* 


SUMMARY 


Srupiges by numerous investigators have conclusively demon- 
strated that adequate curing of concrete is essential in order to 
develop to a high degree the desirable properties of concrete. 
With lack of curing the development of strength and resistance 
to wear are greatly retarded. Other properties are likewise ad- 
versely affected by lack of curing and recent investigations have 
shown that curing becomes of particular importance where water- 
tightnesst and durability under severe conditions of exposure 
are desired. 

Curing with water has long been recognized as the most satis- 
factory method but under some conditions it is difficult to secure 
adequate water curing on account of cost or scarcity of water and 
as a consequence new methods are promoted from time to time. 
This laboratory investigation was undertaken in order to obtain 
information on the relative effectiveness of several of the methods 
recently advocated for curing concrete roads. ‘ Tests were made to 
study the effect of these methods on the compressive and flexural 
strength, wear and surface hardness of concrete, controlling as 
carefully as possible all the variables that might influence the 
results. 

The test specimens consisted of 6 by 12-in. compression 
cylinders, 7 by 7 by 38-in. beams for flexure tests and 8 by 8 by 
5-in. blocks for wear and absorption tests. The concrete used in 
the tests was of a quality ordinarily employed in road con- 
struction. 

*Manager of Research Laboratory, Portland Cement Association, 33 W. Grand Ave., Chicago. 

+‘Some Permeability Studies of Concrete’, by F. R. McMillan and Inge Lyse. Journal of 
the American Concrete Institute, December, 1929, p. 101. 

(3859) 
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The tests included 17 different methods grouped into four 
general classes as follows: 
(1) Water Curing 

Specimens either in water, moist room, or in air at 50 per cent humidity as 
indicated below; the temperature in all cases being maintained at 70° F. 

(a) Molds 1 day covered with wet burlap, in water until test. 

(b) Molds 1 day covered with wet burlap, moist room 2, 6 or 13 days, in 
air until test. One group of compression cylinders cured in moist-room 
entire time before test. 

(ec) Molds 1 day not covered, in air until test. 

(d) Molds 1 day covered with wet burlap, left in molds uncovered in air 
until test. ; 

(2) Surface Coatings 

(a) McEverlast paint (Hunt Process) and Curcrete sprayed on top surface 
of specimens immediately after molding; other surfaces sprayed on re- 
moval of molds at 24 hr. and specimens stored in air at 50 per cent 
humidity until test. For one group of specimens top surfaces sprayed 
with McEverlast paint and specimens left in molds in air at 50 per 
cent humidity until test. 

(b) Molds 1 day covered with wet burlap. Upon removal of molds speci- 
mens painted on all sides with Tarvia K. P., sodium silicate, paraffin 
and raw linseed oil and then stored in air at 50 per cent humidity until 
test. 

(ec) Molds 1 day covered with wet burlap. Upon removal of molds speci- 
mens cured in Sisalkraft paper bags in air at 50 per cent humidity 
until test. 

(3) Calcium Chloride Admixture—2 per cent by Weight of Cement 

(a) Molds 1 day covered with wet burlap, then in water at 70° F. until test. 

(b) Molds 1 day not covered, then in air of laboratory at 50 per cent 
humidity until test. 

(4) Calcium Chloride Surface Covering—2\% Ib. per sq. yd. 

(a) Molds 1 day covered with wet burlap, top surfaces then covered with 
calcium chloride and specimens left in molds in air at 50 per cent hu- 
midity until test. 


An important feature of the investigation was the use of 
duplicate sets of strength specimens for each method of curing 
for test at ages of 1 day to 1 year. One set was tested ‘‘as cured” 
and the other was tested after soaking in water in order to bring 
the specimens to the same (or greater) weight as when removed 
from the molds, thus eliminating the factor of variable moisture 
content at time of test. 


Conclusions, so far as the strength tests are concerned, are 
based on the results obtained with specimens tested in a saturated 
condition. The compressive strengths are given most weight 
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because the compression cylinders were, in general, more thor- 
oughly saturated than the beams after soaking in water for the 
periods used. 


In applying the results of these tests to the curing of concrete 
pavements the possible influence of subgrade conditions on the 
effectiveness of surface coverings and coatings should be given 
consideration. Removal of water from the concrete by a “dry, 
absorbent subgrade might impair the effectiveness of these 
methods, while a thoroughly wetted subgrade or a paper covering 
on the subgrade might be expected to be of advantage. The 
effects of increase in temperature of the concrete due to the 
absorption of heat where bituminous coatings are used should 
also be given consideration. 

The principal conclusions from the tests are as follows: 

(1) There were marked differences in the strength of similar 
specimens cured in the same manner but tested wet on the one 
hand and ‘‘as cured’’—that is, dry or semi-dry on the other. 

Cylinders tested wet always showed lower strengths than when 
tested ‘‘as cured” except in a few cases at early ages when about 
the same strengths were obtained. Where cylinders were cured 
by means of surface coatings the differences in strength of speci- 
mens tested wet and “as cured” generally became more pro- 
nounced after about the 28-day period while for many of the 
other methods these differences became appreciable at earlier 
ages. For certain methods, cylinders tested wet had only 75 or 
80 per cent of the strength of similarly cured cylinders tested 
“‘as cured.” 

In contrast to the cylinders, beams tested wet were generally 
stronger at all ages than beams tested ‘‘as cured.” A few excep- 
tions occurred in the l-yr. tests. The modulus of rupture of 
beams tested wet and “as cured” appeared to be greatly influenced 
by the extent to which the beams had dried out and the degree of 
saturation when tested. 

(2) Cylinders cured by the various methods showed only minor 
differences in compressive strength at ages of one to seven days, 
most of them having strengths equal to or greater than water- 
cured cylinders at these ages. At later ages, the differences in 
strength for the various methods became more marked and at 3 
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months and 1 year none gave strengths equal to continued water 
curing. 

An outstanding feature of the results obtained in tests of 

specimens cured in moist room for periods up to 13 days was the 
gradual improvement in both compressive and flexural strength 
at a given age with increase in the duration of moist curing. 
- Cylinders cured in Sisalkraft bags or by means of Tarvia, 
McEverlast paint, Curcrete, linseed oil and paraffin had ap- 
proximately the same strengths at the different ages as cylinders 
cured in moist room for 13 days. Compressive strengths for these 
methods ranged from 75 to 85 per cent at 3 months and from 58 
to 76 per cent at 1 year of the strength of cylinders cured con- 
tinually in water. 


Lowest compressive and flexural strengths were obtained with 
air-cured specimens with and without admixture of calcium. 
chloride, and with specimens coated with sodium silicate. For 
these methods the strengths at 1 year were about half those of 
specimens cured continually in water, and about 70 per cent of 
those cured 13 days in moist room. From these results it would 
appear that the coating of sodium silicate was of little or no value 
as a means of curing concrete, also that the admixture of calcium 
chloride, while increasing the early strength, was not a satisfac- 
tory substitute for a few days of moist curing. 


INTRODUCTION 


CuRING is one of the most important factors affecting the 
performance of concrete in service especially concrete exposed 
to severe climatic conditions, to excessive wear or to water under 
pressure. With the development and promotion of new methods 
of curing concrete, particularly concrete roads, there is need for 
information on the effectiveness of several of the methods now 
being advocated. It is generally recognized that concrete of 
the consistency used in highway work contains more water than 
is necessary for proper curing so that if excessive loss of water 
through the subgrade, or by evaporation, is prevented during 
the early hardening period the concrete will continue to gain 
in strength for a considerable time. 


Among the methods commonly employed for curing roads are, 
ponding or covering with wet earth, hay or straw kept wet for 
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periods up to 14 days and calcium chloride as a surface coating, 
An admixture of calcium chloride is sometimes used to increase 
early strength and is claimed to obviate the necessity for relatively 
long periods of moist curing. In the last few years the use of 
surface coatings of sodium silicate and asphaltic materials have 
been actively promoted for curing concrete roads. 

While a great number of field tests on curing have been made 
throughout the country, the information thus far obtained has 
not generally been conclusive due to lack of control of factors 
which are known to have an appreciable effect on the results. f 
Some of the more important of these factors are (1) temperature, 
(2) humidity and rainfall, and (3) moisture content and tempera- 
ture of specimens at time of test. 

The flexural tests, in general, confirmed the results of the com- 
pression tests, rating the various curing methods in the same 
order. Because of the difficulty encountered in thoroughly 
saturating specimens cured by the better methods, further studies 
using beams of various sizes, different methods of saturation and 
periods of immersion are recommended in order to develop a 
satisfactory technique of testing. 

(3) The results of the wear tests checked the strength tests and 
emphasized the harmful effect of lack of curing or insufficient 
curing on the wearing resistance of the concrete. Air-cured 
concrete with and without admixture of calcium chloride, con- 
crete cured in moist room for 2 days and concrete cured with 
sodium silicate had relatively low resistance to wear while con- 
crete cured by the other methods had approximately the same 
resistance to wear as concrete cured moist for 13 days. 

(4) Measurements of the amount of moisture lost from the 
specimens during curing showed that those treated with the 
bituminous, linseed oil, and paraffin coatings and those encased in 
Sisalkraft paper lost water gradually but at a greatly retarded 
rate as compared with the rapid loss for the air-cured and sodium 
silicate coated specimens. In general, the specimens showing 
greatest losses of moisture at time of test had lowest strengths. 

(5) Absorption tests on 8 by 8 by 5-in. concrete blocks at age 
of 3 months confirmed the strength and wear tests in that they 


+See Report of Special Committee of Highway Research Board on ‘‘Curing,’’ Proceedings of 
the Highway Research Board, 1929. 
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showed lowest absorptions for the curing methods which de- 
veloped greatest strength and resistance to wear. 

(6): While the ball indentation test was not sufficiently accurate 
to definitely establish the relative surface hardness of concretes 
having about the same strengths, nevertheless it showed con- 
sistent differences in surface hardness of concretes cured by the 
best and the poorest methods as: judged by the results of the 
strength and wear tests. 
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PURPOSE AND SCOPE OF TESTS 


The purpose of this series of tests was to study the effect on 
the compressive and flexural strength, wear and surface hardness 
of concrete of some of the different methods of curing now in use, 
controlling as carefully as possible all the variables that might 
influence the results. The tests included 17 different methods 
which may be grouped into four general classes. All specimens, 
unless otherwise stated, were stored indoors in a room main- 
tained as closely as possible at a temperature of 70°F. and a 
relative humidity of 50 per cent. 

I. Water Curing: All specimens in molds 1 day, covered with 
wet burlap (except No. 5) then, either in water or moist room or 
in the air at 50 per cent humidity as indicated below. In all 
cases, temperature was maintained at 70°F. 

(1) Molds L day, in water until tested. 


(2) moist room 13 days, air until test. 
(3) “ “ “ moist room 6 days, air until test. 
(4) “ “ “ moist room 2 days, air until test. 
(Glace Avo eDOt covered, then in air until test. 
(17) “ “ “ covered with wet burlap, then left in molds uncovered in 


air until test. 
II. Surface Coatings: In methods 6, 7, and 9, top surfaces 
of specimens sprayed with coating material immediately after 
finishing, but no other protection during first day. Other sur- 
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faces coated upon removal of molds except in method 7 where 
specimens were left in molds until tested. 

In methods 8, 10, 11, 12 and 13, specimens kept covered first 
day with burlap and coating applied to all surfaces upon removal 
of molds. 

In all cases except method 7, molds removed at 1 day and 
specimens placed in air at 50 per cent humidity until test. 

(6) Hunt Process, spray coat of McEverlast paint. 
(7) Hunt Process, spray coat of McEverlast paint on top only, left in molds 
until tested. : 
(8) Tarvia K. P., 1 coat applied with brush. 
(9) Curcrete, spray coat. 
(10) Paraffin, applied hot with brush. 
(11) Sodium silicate (36 or 37° Baume), 3 brush coats. 
(12) Raw linseed oil, 3 coats applied cold with brush. 
(13) Sisalkraft paper bags placed around specimens when molds were removed. 

III. Calcium Chloride Admixture—2 per cent by weight of 
cement. 

(14) In molds 1 day uncovered, then forms removed, and stored in air at 50 
per cent humidity until tested. 
(15) In molds, 1 day under wet burlap, then stored in water until tested. 


IV. Surface Covering, Calcium Chloride—21% lb. per sq. yd. 
(16) In molds 1 day, covered with wet burlap, then top surface covered with 
calcium chloride, specimens left in molds in air at 50 per cent humidity 
until tested. 
MATERIALS AND TEST METHODS 
Details of materials and test methods are given in the notes 
accompanying the tables. In general duplicate sets of strength 
specimens were made for each method of curing for test at ages 
of 1 day to 1 year. One set was tested as cured and the other set 
before testing was soaked in water at 70°F. for 1 to 7 days, 
depending on the age of the specimens, in order to bring them 
as near as possible to same weight as when removed from the 
molds. Previous tests showed that the moisture content of 
specimens at time of test had a marked influence on strength. 
This, therefore, was an important feature as in many earlier tests, 
error was introduced because specimens cured by different meth- 
ods were not of the same moisture content when tested. 
Ball indentation tests were made on the tops of portions of the 
beams after testing in flexure in order to obtain information on 
the surface hardness of the concrete. 
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TABLE I—DATA OF COMPRESSION, WEAR AND INDENTATION TESTS 


F In general, each strength value is the average of 4 tests made on different days; depths of wear 
are the average of 5 or 10 tests; indentation loads are the averages of 9 tests, 3 each on 3 different 


specimens. 


Values in parentheses are the ratios, expressed as percentages, of the strengths for a given 
method of curing and age to the strengths of water-cured specimens at the same age. 
For further details of tests see notes accompanying tables. 


oe Compressive Strength Depth of |Indentation 
Method of Pondinen lb. per sq. in. Wear, In. | Load, Lb. 
Curing Tested | 1d. | 3d. | 7d. 14d. |28d.|3m. | ly. |28d.]3m. | 28d. | lyr. 
Mold 1d. then in {As Cured| 690] 1720] 2770] 3760| 4950] 5970] 7230 |0.47a|0.34b] 9670/12620 
water at 70°F. { (Soaked) |(100) |(100) |(100) |(100) |(100) |(100) |(100) 
until test Dry 1210] 2120} 3120] 3880] 4780] 5510|7430d| — |0.41a] 9370] 9950 
(175) |(123) |(113) |(103)} (97)| (92) |(102) 
Mold 1d. then in Damp 740) 1860] 2910} 3770} 4870] 5830] 7220 
moist room (107) |(108) |(105) |(100)} (98) } (98) |(100) 
until test. 
Mold 1d.; moist {As Cured] — | — | — | 4120] 5350] 5630] 5640 0.53 10.44 |12060/12230 
room 13d. (110) |(108) | (94) | (78) 
Soaked _— — | — | 4120] 4590] 4980] 4720 | — | — |10980]10750 
(110)} (93)] (83) | (65) 
As Cured} — | — | 2990} 4300] 5140] 5320] 5080 0.50 0.45 |11390/11880 
(108) |(114) ;(104) } (88) | (70) 
Mold 1d.; moist ;Soaked — | — | 2990] 3640] 4260/4130} 4390 | — — | 9170/13500 
room 6d. (108) } (97)| (86) | (69)} (61) 
Dry — — | 3180} 4010) 4520} 4450|5300d| — — | 9320]11210 
(115) |(107) | (91)} (75)} (73) 
As Cured} — | 1970} 3040] 3920] 4360| 4530] 4630 |0.45 |0.55 | 9770/10980 
Mold 1d.; moist (115) |(110) |(104) | (88) | (76) | (64) 
room 2d. Soaked — | 1970) 2900) 3470] 3680] 3830) 3820 | — | — | 8410] 9600 
(115) |(105) | (92) | (74); (64)} (53) 
Mold 1d.; uncov- {As Cured] — | 1880] 2840] 3260] 3580] 3540} 3620 10.66 |0.69 | 8340 9050 
ered; air of (109) |(103) | (87) | (72) | (59) | (50) 
Laboratory Soaked — | 1820] 2340] 2780] 2920] 2830] 3160 | — | — | 8750! 9150 
(106) | (85) | (74)| (59)} (47)]} (44) 
Dry — | 2060] 2650} 3000] 3040] 3120/3620d| — | — | 6590! 8600 
(120) | (96)} (80)} (61)| (52)| (50) 
As Cured} — | 1880] 3180] 4160] 5060] 5790| 5830 10.55 10.40 7230} 9860 
(109) |(115) |(111) |(102) | (97) | (81) 
Hunt Process Soaked — | 1990) 3060} 4110| 4880} 4660] 5140 | — | — | 8200] 8190 
(116) |(110) |(109) | (99)} (78) | (71) 
Dry —}|— | — | — |4540] 4360/6000d|} — | — | 7560| 7990 
: (92)) (73)| (83) 
Hunt Process; in Soaked — | — | — | 3820] 3980] 4510] 4650 |0.48 [0.39 | 8710] 9020 
molds until test (88) } (80) | (76) | (64) 
As Cured}. — | — | 3210] — |5160]5570/6010 |0.45 10.45 6010} 7250 
Tarvia K. P. (116) (104) | (93) | (83) 
Coating Soaked — | — |3180} — | 5040} 4950] 5460 | — | — | 8500] 8160 
(115) (102)} (83)| (76) . 
As Cured} — | — — | — |4800} 5330] 5210 | — |0.38 | 6500] 8180 
Curcrete (97)| (89) | (72) 
Soaked — | — | — | — |4220] 4460/4780 | — | — | 7490] 8270 
(85) | (75)| (66) 
‘ As Cured} — | 1870] 2860] 4000] 4620] 5640] 5300 |0.43. 10.42 9920] 9790 
Paraffin Coating (190) |(103) |(106)| (93)} (94)} (73) 
Soaked — | 1820] 2920] 3830] 4380] 4460] 4300 |0.45e| — | 8690] 9450 
(106) |(105) |(102) | (88) | (75)| (59) 
: ; As Cured} — | — |3130] — | 4870] 5410] 5930 10.49 0.40 | 6980] 7580 
Linseed Oil (113) (98) | (91)| (82) 
Coating Soaked — | — | 2760) — | 4410/4560! 5140 | — | — | 6090] 5840 
100) (89)| (76) | (71) 
’ > As Cured} — | 1870] 2870] 3530! 3760] 3680] 4030 0.73 |0.65 | 6880/10790 
Sodium Silicate (109) |(104)| (94)| (76)| (62)} (56) 
Coating Soaked — | 1740) 2570] 3020] 3240] 3140] 3640 | — | — | 7310] 7140 
(101)} (93)! (80)| (65)| (53)| (50) 
2% CaCle admix- (As Cured 
ture; in mold ) (Soaked) | 1220] 2170| 3200] 3880] 4440] 5920 7030 |0.53a|0.45a| 9690] 9320 
Id. then in (172) |(126) |(115) |(103) | (90) (99) | (97) 
water at 70°F. 
2% CaCl: admix- ( As Cured} 1220] 2400] 3240] 3800] 4120 4140| 4240 |0.58 |0.60 | 8300] 8810 
ture in mold (172) \(140) |(117) |(101) | (83)| (69) (59) 
1d. uncovered, ) Soaked | 1220] 2220] 2860] 3140] 3280] 3260] 3570 | — | — 6560} 6730 
then air of Lab. (172) |(129) |(103) | (83) | (66)| (55) (49) 
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TABLE I—DATA OF COMPRESSION, WEAR AND INDENTATION TESTS (CONTINUED) 


Condition Compressive Strength Depth of |Indentation 
Method of When lb. per sq. in. Wear, In. | Load, Lb. 
Curing Tested | 1d. | 3d. | 7d. |14d.|28d.| 3m. | ly. |28d.]3m. | 28d. | lyr. 
CaCle surface cov- 
ering, 244 lb. (As Cured| — | — j3170| — | 4850] 5960/7060 | — [0.50 | 8210] 9260 
per sq. yd.; in (114) (98) |(100) | (98) 
molds in air of (Soaked — | — |3000| — | 4610] 5420/6120 | — | — |} 6390] 8200 
Lab. until tested. (108) (93) | (91)| (85) 
Uncovered in (As Cured| — | — |3160} — | 4990] 5990/7000 | — |0.54 | 8280] 9210 
molds in air of (114) (99) |(100) | (97) 
Lab. until Soaked — | — | 3000] — | 4910] 5580|6160 | — | — | 8790] 7160 
tested. (108) (101) | (93)| (85) 
As Cured| — = a — | 4880] 6240|6110 | — |0.40 |10220/10880 
In Sisalkraft (99) |(104) | (85) 
paper bags Soaked 4890] 5770| 5260 | — | — | 8250] 7930 
(99)| (97)| (73) 


a Wear blocks removed from water at age of 14 days and stored in air of Laboratory until 
test. 
b Wear blocks cured in water at 70°F. for 214 months then in air until test. 
c Paraffin not removed before testing wear blocks. 

d 1-yr. specimens dried in air blast for 2 weeks prior to testing. 


Wear tests were made in a Talbot-Jones Rattler at ages of 
28 days and 3 months. Upon completion of the wear tests a 
few wear blocks were dried to constant weight and placed in old 
crank case oil for 3 or 10 days and then broken and the depth of 
penetration of oil noted. This treatment afforded some indica- 
tion of the relative porosities of the concretes cured by the different 
methods. Other wear blocks were cured by the various methods 
and tested for absorption of water at age of 3 months after drying 
to constant weight. Parallel with strength and wear tests, 
measurements were made to determine the loss of moisture from 
beams and cylinders after various periods of curing. 


DATA OF TESTS 


The principal results of the tests are given in the following 

tables and diagrams: 

Table 1—Data of Compression, Wear and Indentation Tests. 

Table 2—Data of Beam Tests. 

Table 3—Change in Weight of Specimens During Curing. 

Figs. 1 and 1A—Compressive Strength of Concrete for Different Methods of 
Curing. : 

Figs. 2 and 2A—Modulus of Rupture of Concrete for Different Methods of 
Curing. (1/3 point loading). 

Figs. 3 and 3A—Modulus of Rupture of Concrete for Different Methods of 
Curing. (Cantilever loading). 

Fig. 4—Compressive and Flexural Strength, Depth of Wear and Change in 
Weight of Concrete Cured by Different Methods. Tests at age of 3 mo. 

Fig. 5—Compressive and Flexural Strength and Change in Weight of Concrete 
Cured by Different Methods. Tests at age of 1 year. 
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TABLE II—DATA OF BEAM TESTS 


Beams loaded at the 1/3 points of a 36-in. span. Cantilever loading tests made on portions 
of beams after testing under 1/3 point loading. Overhang 12 in., anchor arm 6 in. 
In general, each value is the average of 4 tests made on different days. 
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Values in parentheses are the ratios, expressed as percentages, of the strengths for a given 
method of loading, curing and age to the strengths of water-cured specimens. 
For further details of tests, see notes accompanying tables. 


Modulus of Rupture—lb. per sq. in. 


Method of a . 1/3 Point Loading Cantilever Loading 
Curing Tested | 1d. | 3d. | 7d. | 14d. | 28d. |'3m. | ly. | 1d. | 3d. | 7d. | 14d. | 28d. | 3m. 

Mold 1d. then (AsCured] 165| 345] 490] 585] 685] 825] 865) 240] 460] 630] 725} 780} 990) 1000 
in water at 70° 4 (Soaked) |(100) |(100) |(100) |(100) |(100) |(100) (100) |, 100) (100) {(100) |(100) |(100) (100) |(100) 
F. until test. (Dry 125] 290] 355] 385] 450} 360/525*| 150] 395] 515] 525] 630} 590 

(76) | (84)} (72)} (66)} (66)} (44)| (61)} (63)} (86)] (82)} (72) 

Mold 1d.; As Cured] — | — | — | 575] 505) 635) 735) — | — | — | 695 
moist room (98) } (74)| (77)} (85) 
13d. Soaked — | — | — | 575| 685) 890} 710) — } — | — 

(98) |(100) |(108) | (82) 

Mold 1d.; AsCured| — | — | 490] 460) 520] 615} 740) — | — | 580] 600 
moist room (100) | (79) (76)| (75)} (86) (92)| (83)} (88) 
6d. Soaked — | — | 490] 630} 650} 800} 615} — | — | 580] 77 

(100) |(108)} (95)| (97)| (71) (92) |(107) |(114) 
Dry — | — | 330] 395] 440) 375|670*| — | — | 485) 470) 575 
(67)} (68)} (64)| (85)} (78) (77) 

Mold 1d; es Cured| — | 360] 440) 445] 490] 605] 705! — | 460] 550 
moist room (104) | (90)| (76)} (72)} (73)} (82) (100) | (87) 
2d. Soaked — | 360) 490} 585) 620) 745| 545| — | 460| 620 

(104) |(100) |(100)} (90)} (90)| (63) (100) } (98) 

Mold 1d.; As Cured! — | 335} 380] 410) 445) 580) 585); — | 425) 510 
uncovered; (97)| (78)| (70)| (65)} (70)} (68) (92)| (81) 
air of Lab. Soaked — | 360] 425] 485) 540} 590} 490; — | 435] 525 

(104) | (87)} (83)} (79)} (71)| (7) (95) | (83) 

Dry — | 225) 320] 315| 375) 340/580*| — | 325) 365 

(65)| (65)| (54)} (55)| (41)| (67) (71)| (79) 

As Cured| — | 380] 515] 550] 570) 555) 740) — | 495) 625 

(110) |(105)| (94)| (83)} (67)| (86) (108) } (99) 

Hunt Process Soaked — | 380] 515} 645} 700] 870] 920) — | 470| 630 
(110) (105) |(110) |(102) |(105) |(106) (102) |(100) 

Dry —{|—j]— | — | 420) 375)665*; — | — | — 

(61)| (45)} (77) 

Hunt Process; Soaked — | — | — | 610) 640] 830; 800) — | — | — 
in saokde until (104)} (93) }(101)} (98) 
test. 

Tarvia K. P. As Cured] — | — | 515} — | 640) 645) 770) — | — | 615 
Coating (105) (93)} (78)| (89) (98) 

Soaked — | — | 515) — | 720) 865) 995) — | — | 690 
(105) (105) |(105) |(115) (110) 
As Cured] — | — | — | — | 485] 565] 765| — | — | — 

Curcrete (71)| (69)| (88) 

Soaked —|—]|— | — | 690] 855) 860} — | — | — 
(101) |(104)| (99) 

Paraffin As Cured} — | 375] 480] 555] 580) 585) 740) — | 485) 605 

Coating (109)} (98)| (95)| (85)! (71)} (86) (105) | (96) 
Soaked — bo) op ( ae (oo) OD ( 8} — | 450] 605 
102)| (99)| (91) (106 98)} (96 

Linseed Oil AsCured| — | — | 495] — | 630] 650} 775) — & on 

Coating (101)} — | (92)} (79)} (90) (99) 
Soaked — | — | 490} — | 695) 905) 905) — | — | 625 
; (100) (101) (110) |(105) (99) 

Sodium As Cured| — | 330] 390] 480] 445] 580] 615} — | 410] 485 
Silicate (96) | (80)| (74)| (65)| (70)} (71) (89)| (77) 

Coating Soaked — os ms 7 an ( we 460| — | 470] 560 
94 9)} (81) (73 53 102)} (89 

2% CaCle ad- As Cured : : 88) Coa) ee) 
mixture; in (Soaked)| 210) 340] 450] 515) 595) 720) 765] 290) 440] 560 
mold 1d.; then (127)} (99)} (92)} (88)} (87)} (87)] (88) |(121)| (96)} (89) 
in water at 70°F. 

2% CaClz ad- (As Cured] 210) 300) 345) 375) 485) 520) 560) 290] 430] 440 
mixture; in (127) | (87)} (70)| (64)| (71)| (63) (65)|(121)} (94)} (70) 
mold 1d. un- |Soaked 210) 340) 400) 470} 530] 560] 460} 290] 420] 560 
covered, then (127)| (99)| (82)} (80)} (77)} (68)} (53)|(121)] (91) | (89) 


air of Lab. 
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TABLE II—DATA OF BEAM TESTE (CONTINUED) 


Condition Modulus of Rupture—lb. per sq. in. 
Method of When 1/3 Point Loading Cantilever Loading 

Curing Tested | 1d. | 3d. | 7d. | 14d. | 28d. | 3m. ly. | Id. | 3d. | 7d. | 14d. | 28d. 3m. | ly. 
CaCl? surface i a 
covering, 244 (AsCured| — | — | 425} — | 520] 595) 685! — | — | 565! — | 705] 945 820 
Ib. per sq. yd.; (87) (76) | (72)| (79) (90) (90)} (85)| (82) 
in molds in air {Soaked — | — | 480} — | 570} 740) 815} — | — | 605] — | 810] 1060] 1020 
ee: until (98) (83)} (90)| (94) (96) (104) |(107) |(102) 
peorered . As Cured] — | — ms — es on 640} — | — | 525} — | 660) 820] 755 
molds in air 0 6 68) | (67)| (74) 83) 85)| (83)| (76 
- hoe ote Soaked —}— ee = @s) Oo) Ge S| Se} _ te a 
ested. 6 9)} (78) (87) 80)| (87)| (86 
In Sisalkraft As Cured] — | — | — | — | 580] 630] 745] — | — | — | — oy) oe St 
paper bags (85)| (76)} (86) (92)| (80)} (81) 
Soaked —|—]|—]}— }|. 720} 840} 920; — | — | — | — |} 830} 1050] 1080 
(105) (102) (106) (106) |(106) |(108) 


*l-yr. specimen dried in air blast for 2 weeks prior to testing. 


TABLE III—CHANGE IN WEIGHT OF SPECIMENS DURING CURING 


In general each value is the average of 4 tests made on different days, although in some cases 
they represent the average of as many as 15 tests. Values are losses in weight except where 
preceeded by a plus sign which indicates a gain in weigh. 

The weights of the specimens upon removal from the forms are used as the basis of the com- 
putations. The amount of mixing water in the freshly-molded specimens averaged 2.14 lb. per 
cylinder and 12 lb. per beam. 


Gain or Loss in Weight—% of Mixing Water 
6x12-in. Cylinders 7x7x38-in. Beams 


Method of Curing 3d. | 7d. | 14d. 28d. | Sm | 1y. | 3d. |) 7d | 14d) 28d) 8m. | ty: 
Mold 1d then in water at 
70°F. until test. +9.0} +9.2]410.0]+13.4|+15.6|+21.7|+ 3.8] +7.4] +9.1/4+11.1|4+12.1/+14.2 
Mold 1d. moist room 13d.}_ — — | +5.3] 14.1] 25.8} 35.5) — — | 4+4.6) 12.3] 23.1) 30.2 
Mold 1d. moist room 6d.| — | +5.4] 12.8) 20.4] 30.6] 36.7] — | +1.9] 13.3] 18.4] 27.3] 35.8 
Mold 1d. moist room 2d.| +3.7] 19.2] 26.1) 32.2] 36.8) 41.5} +1.1] 18.8} 21.2) 29.2] 30.9) 42.4 
Mold 1d.; uncovered air 
of Laboratory 21.4] 27.5) 33.0] 39.5] 43.3} 44.3) 14.6] 21.0) 27.2] 30.6] 35.0] 38.8 
Hunt Process 3.8 6.3] 12.9] 17.4] 27.6] 31.9 2.4 3.3 5.5 8.6] 17.2) 24.3 
Tarvia, K. P. ——= VA) = 14.6] 24.0} 30.4) — 2.8) — 6.6} 13.1] 21.9 
Curcrete _ — — 20.2) 28.7) 33.6] — _ — 17.3} 23.6} 26.2 
Paraffin Coating 3.8 6.7| 12.4] 15.6] 25.6] 32.8 4.9 5.1 9.0} 12.9} 16.2) 22.1 
Linseed Oil Coating —_ 16.0] — 26.4] 34.8] 38.0) — 10.4) — 16.9] 26.9) 30.6 
Sodium Silicate Coating 15.3} 27.7) 34.1] 35.0] 44.4] 41.8] 18.5] 23.5) 28.6] 28.0) 38.6} 41.0 
2% ai eaters; 
mo . then in water 
at 70°F. +7.8} +8.9} +9.2]+10.9/+19.2|+21.0} +4.9] +7.1} +7.7) +8.3 +11.7|-+15.6 
2% CaCy  ceaix tare; in 
mold 1d.; uncovered, 
then air of Lab. 15.2| 21.7| 28.0] 32.7] 37.4] 38.0} 10.2} 15.0} 19.8); 22.9) 26.9) 31.2 
In Sisalkraft paper bags | — — _— Di Sle loallwee (2) — — — 7.6} 15.0)" 26.1 
Mold 1d. then in water 
32 70°F. eons rs 
t 220° F. over hot 
plate. i 58.2} 42.1] 39.3] 36.8] 20.3] — 48.8] 35.1] 30.4] 27.4] 29.0] 4.0a 
mold id; meet neo oo 
t t 220° 
oe ok lata: — | 36.5| 45.0) 41.7] 56.3) 36.3a; — 35.3] 39.2] 38.6] 45.2] 34.8a 
Mold if kaha in 
5 ied a 
220° F. ee hot plats 56.5| 60.3| 56.5| 64.5] 61.2] 46.2a] 43.9] 51.0] 42.8) 57.7] 52.0) 58.22 


a Dried in air blast from electric fan for 14 days prior to test. 


370 JouURNAL OF THE AMERICAN CoNCRETE InstTITUTE—Proceedings 


Te ares 
ere Yested 25 cured Z 


= 
=== 
—je-- 


2estTeT WIS. CUET- af _— SS = FEE eal 
Tested wet 


Tarvia KP 


Mors? Room /3days 
Femainger IP) Qir 


Mors? Loom 6 days 
AMO AOE NED £2). 
LEIA 2/- 112 QNl- 


(ee eae 
Ace Morst Room 2aays 
pa remainder 11) air 


/4 
Age at Jest - days (Nature! scale) 


Fic. 1—CoMPRESSIVE STRENGTH OF CONCRETE FOR DIFFERENT 
METHODS OF CURING. 


Study of Methods of Curing Concrete 371 


pay 
Jested wer 


Cured _tn_sfee/ molds 


in air of Lab, lop uncovered. 


& 
NY 4000 pTested, 25 gs cured 

* . 

Q 2 Tested mer Encased _iin 

SY 2000 salkratt Paper Bags. 
; Sodium Silicate 

SX yooo} 

N 

v 

aN 

% 

vu 


2% CaCh Admixture F Bi cach Agmixture. Curedin - 
aay *5 Rl | avr of Lab. 


1 eee el cured 17 warer 


CGC surface covering 
23 lh.persgo.yd, Cured 


I? molds 1A air_of Lab. 


3 
360 73| 28 90 


/4 
Age af Test- days (Natural scale) 


Fic. 1A—ComPprRESSIVE STRENGTH OF CONCRETE FOR DIFFERENT 
METHODS OF CURING. 


372 JourNAL or THE AMERICAN Concrete InstituTE—Proceedings 


Fig. 6—Relative Compressive Strengths of Concrete Cylinders Cured under 
Different Conditions. 

Fig. 7—Relative Flexural Strengths of Concrete Beams Cured under Different 
Conditions. (1/3 point loading, tested wet). 

Fig. 8—Change in Weight of Concrete Specimens During Curing. 

Fig. 9—Comparisons of Changes in Weight of Concrete Specimens During 
Curing. 

Fig. iO =abastoter of Concrete Blocks Cured by Different Methods. Age 
at test 3 months. 

Fig. 11—Water Absorbed by 1-year old Concrete Specimens Cured by Differ- 
ent Methods. 

Tables—Table 1 gives results of compression tests of 6 by 12-in. 
concrete cylinders, wear tests on 8 by 8 by 5-in. blocks and 
indentation tests (at 28 days and 1 yr.) on the top surfaces of 
portions of the beams after testing under 1/3 point loading. In 
general, compressive strengths are reported for ages of test of 
1 day to 1 year for identical sets of specimens tested under the 
following conditions as regards moisture content: (1) In the con- 
dition that existed upon their removal from the curing room, 
and (2) after soaking in water for the following periods: 24 hr. for 
specimens tested at ages up to 28 days; 48 hr. for specimens 
tested at age of 3 months and from 4 to 7 days for specimens 
tested at age of 1 year. For a few methods of curing an attempt 
was made to dry the specimens before testing at ages up to 3 
months by placing them over a hot plate at a temperature of 
about 220°F. for 24 hr. These specimens were allowed to cool 
to room temperature before testing. Since drying at this temper- 
ature appeared to have an injurious effect on the concrete, the 
l-yr. specimens were dried at room temperature in the blast 
from an electric fan for two weeks prior to testing. 

For purpose of comparison, the cylinder strengths in Table 1 
for the different methods of curing are expressed as percentages 
of the strengths of water-cured cylinders tested wet at corres- 
ponding ages. The strengths of the specimens cured in water at 
70°F. were used as the basis of comparison since this method may 
be considered as an ideal method of curing. 

The depths of wear in Table 1 are for tests on blocks in an 
air-dry condition at ages of 28 days and 3 months. 

The loads in the ball penetration tests reported for ages of 
28 days and 1 year give some indication of the type of results 
secured by this method of testing. It was difficult to obtain 
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concordant results in the ball penetration tests as the loads 
required to embed the 14-in. steel ball to one-half its diameter 
were influenced to a considerable extent by the presence of 
coarse aggregate particles. Penetration tests were made at the 
other ages, but the results were not considered of sufficient 
importance to justify their inclusion in the table. 

Table 2 gives the modulus of rupture of 7 by 7 by 38-in. beams 
cured by the various methods and loaded at ages of 1 day to 
1 year at the 1/3 points of a 36-in. span. After loading by this 
method a portion of the tested beam was loaded as a cantilever 
using an overhang of 12 in. and an anchorage arm of 6 in. The 
moduli of rupture for the different methods of curing and condi- 
tions of test may be compared with those for water-cured beams 
tested wet at corresponding ages by means of the strength ratios 
given in parentheses in the table. 

Table 3 gives data on the change in weight of specimens during 
curing. Since the change in weight was due to the specimens 
taking up or losing water, the change in weight at any period is 
expressed as a percentage of the amount of mixing water in the 
specimens at the time of molding. 

Figures—Figs. 1 and 1A show compressive strengths of concrete 
cylinders at ages up to 1 year, for each method of curing. Three 
curves are shown on each diagram. The “A” curve, used as the 
basis of comparison of the different methods of curing, is for 
concrete cured in water at 70°F. until time of test and tested wet. 
The other two curves show the strengths of cylinders for the given 
method of curing tested after soaking in water or in the condition 
that existed upon removal from the curing room. 

Figs. 2, 2A, 3 and 3A are plotted in a similar manner as Fig. 1 
and 1A and show the moduli of rupture of concrete beams tested 
under 1/3 point and under cantilever loading for each method of 
curing. 

Figs. 4 and 5 give comparisons of results obtained with the 
different methods at the 3-month period, the various methods 
being arranged in order of descending compressive strengths of 
cylinders tested wet at age of 3 mo. In addition to the compres- 
sive strengths, these diagrams give the moduli of rupture for both 
cantilever and 1/3 point loading, depth of wear (Fig. 4 only) and 
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the gain or loss in weight up to time of test expressed as a per- 
centage of the total mixing water. 

Fig. 6 shows compressive strengths for various methods at 
different ages compared with the strength of water-cured cylin- 
ders tested wet. The upper two diagrams in this figure are the 
important ones as they show relative strengths of cylinders tested 
in a wet condition. The two lower diagrams, which are included 
merely for purpose of comparison, show the strengths of cylinders 
tested “as cured” (in an air-dry condition) relative to those of 
water-cured cylinders tested wet. Thus in these two diagrams 
the strengths of cylinders tested in.a room-dry condition on the 
one hand are compared with the strengths of similarly-cured 
evlinders tested in a wet condition on the other so that in this 
case the comparisons are not made on the same basis. 

Fig. 7 shows the relative flexural strengths of beams for 1/3 
point loading plotted in a similar manner as the curves in the 
upper two diagrams of Fig. 6. 

The curves in Fig. 8 show the gain or loss in weight of speci- 
mens for the period between removal from forms and time of 
test expressed as a percentage of the total mixing water. In 
Fig. 8 curves for beams and cylinders are shown together for 
each method of curing while in Fig. 9 the curves for beams and 
cylinders are shown separately in order to permit easier compari- 
son of the results for the different curing methods. 

The absorption of 8 by 8 by 5-in. concrete blocks cured by 
different methods and tested at age of 3 months is shown in Fig. 
10. In this figure the absorption shown after immersion in 
water for periods from 1 to 24 hr. is based on the dry weight of 
the block previous to soaking in water. 

The curves in Fig. 11 show the rate at which the cylinders and 
beams absorbed water and regained or exceeded their weight at 
the time they were removed from the molds. These data were 
obtained in order to determine whether the specimens were 
thoroughly saturated when tested. 


DISCUSSION OF TESTS 


Basis of Evaluating Curing Methods from Results of Strength 
Tests—The proper basis on which to evaluate the effectiveness of 
various methods of curing from the results of strength tests is to 
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compare the strengths of specimens tested at the same tempera- 
ture and in the-same condition as regards moisture content. 
Thus comparisons may be based either on the results of tests on 
thoroughly dried or thoroughly saturated specimens. In this 
investigation it was considered that saturation of the specimens 
could be most easily accomplished and therefore the tests were 
planned with a view to making comparisons on the basis of 
saturated specimens. 

In comparing the effectiveness of the various curing methods it 
is believed that most weight should be given to the results of the 
compression tests for two reasons—first, because the compres- 
sion cylinders were in general more thoroughly saturated than 
the beams after soaking in water for the periods used, and second, 
the distribution and intensity of compressive strength over the 
cross section of the cylinder was uniform whereas the flexural 
tensile stress on the tension side of the beam varied in intensity 
from the outer fiber to the neutral axis and hence would more 
likely be influenced by lack of thorough soaking of the beam 
throughout its entire cross section than would be the case of the 
compression cylinder where the entire cross section is under 
uniform stress. In view of these considerations the relative 
merits of the various methods of curing so far as the strength’ 
tests are concerned are judged principally by the compressive 
strengths of cylinders tested in a saturated condition. 

Compressive Strength of Cylinders Tested Dry and Saturated— 
The curves in Fig. 1 and 1A show for each method of curing 
the change in strength with age of cylinders tested as they came 
from the curing rooms and after soaking in water for various 
periods. These age-strength curves are quite consistent and 
bring out in a striking manner the differences in strength between 
similar specimens cured in the same manner but tested wet on 
the one hand and “‘as cured,” that is, in a dry or partially dry 
condition on the other. The soaked cylinders always showed 
lower strengths than those tested “as cured” except in a few 
cases at early ages when about the same strengths were obtained 
for both the soaked and the partially dry specimens. In the case 
of cylinders cured with surface coatings the differences in strength 
between specimens tested after soaking and as cured generally 
became more pronounced after about the 28-day period while 
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with many of the other methods of curing these differences be- 
came appreciable at earlier ages. For certain of the methods, 
specimens tested wet had only 75 or 80 per cent of the 
strength of similarly cured specimens which were tested “as 
cured.” 


These marked differences in the strength of similarly cured 
specimens tested wet and dry or semi-dry show the necessity of 
basing comparisons of the strengths obtained by different 
methods of curing on specimens tested in either a saturated or a 
thoroughly dry condition. 


Compressive Strength of Concrete Cured by Different Methods— 
Due to the difficulty of drying specimens to a constant weight 
rapidly, the tests in this investigation, as stated above, were 
planned with the view to basing comparisons of the various curing 
treatments on the strength of specimens soaked in water at 
70°F. prior to testing, the soaking period varying with the age 
at test but being of sufficient duration to insure that the cylinders 
absorbed enough water to bring them to same or greater weight 
than when removed from the molds. On this basis it will be seen 
from Table 1 and the curves in Fig. 1 and 1A that cylinders cured 
by the various methods showed only minor differences in strength 
at ages of 1 to 7 days, most of them having strengths equal to 
or greater than the water-cured cylinders at these ages. The 
two exceptions to this were air and sodium silicate curing which 
gave strengths 85 and 93 per cent respectively, of that obtained 
for water curing at 7 days. At later ages the differences in 
strength for the various methods became more marked, and at 
3 months and 1 year none gave strengths equal to that of water 
curing. This may be seen from Figures 4 and 5 where the various 
methods (except curing in the molds until tested) are arranged in 
the order of descending compressive strength of concrete at 3 
months. A study of the actual strengths in these two diagrams 
and of the corresponding relative strengths in the upper two 
diagrams in Fig. 6 shows that surface coatings of Tarvia, Mc- 
Everlast paint (Hunt Process), linseed oil, Curerete and paraffin 
and Sisalkraft bags, gave compressive strengths ranging from 
75 to 85 per cent at 3 months and from 58 to 76 per cent at 1 
year of those for water curing. The strengths obtained with 


Study of Methods of Curing Concrete 381 


these particular methods were about the same as those obtained 
with 13 days moist room curing at all ages of test. 


The lowest strengths at 3 months and 1 year were obtained with 
concrete containing the 2 per cent calcium chloride admixture 
cured in air, the sodium silicate and air-cured cylinders which 
were from 45 to 55 per cent of that for water curing and about 
60 per cent of that for 13 days moist curing at these two ages. 

Concrete containing 2 per cent calcium chloride cured in 
water gave markedly higher strengths than the water-cured 
plain concrete at ages up to 7 days but about the same strengths 
thereafter. Air-cured cylinders containing 2 per cent calcium 
chloride were likewise appreciably stronger than similar water- 
cured cylinders up to the 3-day period but thereafter showed a 
continually decreasing percentage of the strength of water-cured 
cylinders with age, the strength at 1 year being 49 per cent of 
water-cured concrete. 

A significant feature of the results obtained for moist room 
curing for periods up to 13 days was the gradual improvement in 
compressive strength with increase in the duration of moist 
curing (Fig. 6). It is interesting to note that cylinders cured in 
the moist room until test gave strengths at all ages almost the 
same as cylinders cured in water (Table 1). 

Cylinders cured in watertight steel molds with top surface 
uncovered or covered with an amount of flake calcium chloride 
equivalent to 21% lb. per sq. yd. gave strengths closely approach- 
ing those of water-cured specimens at 3 months and about 85 
per cent of the strength of water-cured cylinders at 1 year (Ref. 
17 and 16, Fig. 4 and 5). 

In the two lower diagrams of Fig. 6 are curves showing the 
relative strengths of cylinders cured by the various methods and 
tested “as cured’”—that is, without soaking in water prior to 
testing. It will be noted that these curves, which compare 
strengths of dry or partially dry cylinders for each method with 
those of water-cured cylinders tested wet, give consistently 
higher relative strengths than their similarly cured companion 
specimens which were tested wet (upper two diagrams Fig. 6). 
This method of comparison has frequently been used in reporting 
results of curing tests and has led to erroneous conclusions, 
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because the specimens are not of the same moisture content when 
tested. 


Modulus of Rupture of Concrete Cured by Various Methods— 
The diagrams in Figs. 2 and 2A are based on data in Table 2 
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and show the relationship between the modulus of rupture of 
7 by 7 by 38-in. beams tested under 1/3 point loading and age at 
test. Fig. 3 and 3A show similar diagrams for tests made by the 
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cantilever method! on portions of the beams after failure under 
1/3 point loading. 

For each method of loading values of modulus of rupture are 
plotted for beams cured in the same manner but tested “as 


1See Fig. 16, page 173 Report of Director of Research, Portland Cement Association, November 
1928. 
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cured”’ and after soaking in water prior to testing. These dia- 
grams are of particular interest because they bring out certain 
marked differences in behavior of similarly cured concrete 
specimens when tested in flexure and compression at various 
ages. The following discussion of the results of the beam tests 
is based on the curves in Fig. 2 and 2A for 1/3 point loading; 
the curves in Fig. 3 and 3A for cantilever loading are similar to 
those in Fig. 2 and 2A differing only in that they show from 
20 to 25 per cent higher values of modulus of rupture for a given 
method of curing and age at test. 

Tests of Moist-Cured Beams—Noting beams cured for various 
periods in the moist room it will be seen from Fig 2 that for ages 
up to 3 months beams tested wet were generally stronger than 
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similarly cured beams tested “as cured,’’ but at age of 1 year they 
showed lower strengths particularly for periods of moist room 
curing of 6 days and less. It is believed that this result is ex- 
plained as follows: When a beam is first removed from the moist 
room and stored in a drying atmosphere there is a rather rapid 
loss of moisture from near the surfaces of the beam with a 
resultant shrinkage of the concrete as it dries. Since the inner 
portion of the beam is still moist there is little, if any, shrinkage 
in this portion or ‘“‘core’”’ of the beam. Under these conditions 
the inner moist core resists the shrinkage of the drier concrete 
near the surface thus inducing tensile stresses which cause the 
beam to fail at lower loads when tested ‘‘as cured” in the air- 
dry condition. When the beam is saturated prior to testing, the 
tensile stress near the surfaces due to shrinkage is relieved and 
the beam sustains a higher load than when tested “as cured.” 
As the period of drying upon removal from moist room is extended 
there is greater opportunity for loss of moisture by evaporation 
which tends to a greater uniformity throughout the beam and 
therefore a reduction in the tensile stress at the surface due to 
shrinkage. When the beam has completely dried throughout 
its entire cross section, shrinkage stresses are largely, if not 
entirely, eliminated. If, when this condition obtains, the beam 
is thoroughly saturated before testing it might be expected that 
the strength would fall below that of a similarly cured beam 
tested dry, just as the strength in compression is reduced by 
soaking. With partial saturation in such a case, however, com- 
pressive stresses are induced in the outer fibers as only the sur- 
rounding shell of concrete is saturated at time of test. 

The values of modulus of rupture obtained with the moist- 
cured beams at a given age increased with the duration of 
moist curing as may be seen from Figs. 2, 3 and 7. 

Tests of Beams Cured with Surface Coatings—The moduli 
of rupture of beams tested wet when cured with surface coat- 
ings consisting of McEverlast paint (Hunt Process), Tarvia, 
Curcrete, paraffin, linseed oil and by encasing in Sisalkraft 
paper bags were as high or higher than those of the beams 
cured in water even at the one-year period. Up to the 3-month 
period, the results with these surface coatings parallel those 
obtained from beams cured in the moist room for 13 days but 
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differ from the latter in that they showed higher strengths at 1 
year than at 3 months whereas the beams cured 13 days in 
moist room did not. Reference to Fig. 11 shows that the 1-year 
beams cured with these coatings, even when soaked in water for 
seven days prior to testing, were not as thoroughly saturated 
when tested as those cured moist for 13 days. This probably 
accounts for the higher strengths at one year of the beams cured 
with these surface coatings as compared with those moist-cured 
for 13 days. On the other hand, it will be noted from Fig. 11 
that the 6 by 12-in. compression cylinders were in general well 
saturated at time of test even at the l-year period. The better 
the curing the more difficult it was to thoroughly saturate speci- 
mens especially at the later ages. When surface coatings were 
not removed before soaking the specimens in water the absorp- 
tion of water was retarded. Removal of the surface coatings 
used in these tests was difficult to accomplish without introduc- 
ing other variables and hence was not generally attempted on 
the strength specimens. 

It is of interest to note that when the beams were tested “as 
cured” the values of modulus of rupture for 13 days moist curing 
were about the same as for the above-mentioned surface coatings. 

Beams cured with a surface coating of sodium silicate gave 
relatively low values of modulus of rupture which were essen- 
tially the same at all ages as those of beams cured in air of labor- 
atory upon removal from molds. These results confirm those 
obtained in the compression tests for these two curing conditions 
and show that the coating of sodium silicate was of little value as 
a means of curing concrete. 

Beam Tests with Calcium Chloride as an Admixture and as a 
Surface Covering—The moduli of rupture of beams made from 
concrete containing an admixture of 2 per cent calcium chloride 
and cured in water were 27 per cent higher at 1 day than that 
of water-cured beams without admixture but after the 3-day 
period the beams with the admixture had about 10 per cent less 
strength. 

Air-cured beams containing 2 per cent calcium chloride showed 
little change in strength after 28 days and at 1 year had only 53 
per cent of the strength of water-cured plain concrete beams. 
The strengths obtained with air-cured concrete containing the 
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admixture were comparable to those for air-cured plain concrete 
at ages of 3 days to 1 year. These results indicate that although 
the admixture of calcium chloride accelerates the hardening of 
the concrete and increases the early strengths it is not a satis- 
factory substitute for a few days of moist curing. 

A few tests were made on beams cured in wood molds until 
test with the top surfaces uncovered and covered with 21% lb. 
calcium chloride per sq. yd. or with a coating of McEverlast 
paint (See Table 2.and Fig. 2A). The uncovered beams in this 


Study of Methods of Curing Concrete 389 


Method of Curing. 
Jr water-7O °F 8 Jarvia‘K.R~ /4 Agmix.2% 
Morst Koom/!3da. 9 Curcrete CaC/p Nn 
Morst Poomé6da. 1/0 Parattin air of Lab. 
Morst Po0m2da. 1) Sadium Stlrcate 15 Admix.2% 
Air of Lab. 1/2 Linseed O// CaC/2 IN 
Hunt Process 13 Sisalkratt Bags water 707 


Gain or Loss in Werght- per cent of total mixing water 


OSTA LB 90 mao 


Age - days (Natural scale) 


Fic. 9—CoMPARISON OF CHANGES IN WEIGHT OF CONCRETE 
SPECIMENS DURING CURING 


eroup of tests had flexular strengths about 80 per cent of those 
of water-cured beams at 3 months and 1 year while the beams 
covered with calcium chloride and with McEverlast paint showed 
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about 92 per cent and 95 per cent of the strength of the water- 
cured beams at these two ages. These comparisons are on the 
basis of specimens tested wet under 1/3 point loading. 

Wear Tests of Concrete—Results of wear tests at 28 days and 
3 months on 8 by 8 by 5-in. concrete blocks cured under various 
conditions are given in Table 1 and Fig. 4. The surface coatings 
on the wear blocks were not removed before test as removal of 
the paraffin coating (the thickest of the coatings used) in tests at 
28 days was found to make little difference in the results. All 
wear blocks were in an air-dry condition when tested. 

On the whole the results of the wear tests confirmed those of 
the cylinder and beam tests. Concrete cured by the methods 
which produced high compressive and flexural strength was most 
resistant to wear. This is strikingly brought out by the curves 
in Fig. 4 which show a gradual increase in depth of wear as com- 
pressive strength and modulus of rupture decrease. 

The depths of wear of blocks tested at the 3-month period 
ranged from 0.34 in. for those cured in water for 244 months to 
0.69 in. for air-cured blocks. Air-cured concrete both with and 
without admixture of calcium chloride, concrete cured in moist 
room for 2 days and concrete cured with sodium silicate had 
relatively low resistance to wear while concrete cured by the 
other methods had approximately the same resistance to wear ~ 
as concrete cured moist for 13 days. The results of these wear 
tests emphasize the harmful effect of lack of curing or insufficient 
curing on the wearing resistance of concrete. 

Loss of Moisture During Curing—In order to determine the 
amount of moisture lost by the specimens at different ages all 
specimens were weighed upon removal from molds, from moist 
room, and at time of test. From these weights the loss or gain in 
moisture was calculated and expressed as a percentage of the 
mixing water originally contained in the freshly molded concrete. 
The data are given in Table 3 and are shown graphically in Fig. 
8 and 9 for both beams and cylinders. It will be noted that in 
some cases the cylinders showed somewhat greater changes in 
weight than the beams, probably because of their somewhat 
smaller thickness. 

A significant feature of these diagrams is the gradual but 
retarded loss of water from the specimens encased in Sisalkraft 


Absorption -per cent by weight of dry 510cK 


Study of Methods of Curing Concrete 391 


coatings exceot Linseed O1/ 
ved berore absornnor FESS 


Time trnimersed (7 water - hours 


Fig. 10—ABSORPTION OF CONCRETE BLOCKS CURED BY 
DIFFERENT METHODS. 


AGE AT TEST: 3 MONTHS; 
Size OF BLOCKS: 8 BY 8 BY 5-IN. 
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paper bags or coated with linseed oil, paraffin and the bituminous 
coatings as compared with the more rapid loss for the air-cured 
and sodium silicate coated specimens. Specimens cured in moist 
room for 13 days showed fairly rapid loss in water upon removal 
from moist room while at the 1-year period the loss for this method 
of curing was in general not much, if any, greater than that shown 
by coated specimens. Specimens cured in water until test gained 
in weight due to absorption of water by the aggregate and to the 
filling of air voids. A comparison of these data with those of the 
strength tests indicates that in general those specimens showing 
greatest loss of moisture at time of test also showed the lowest 
strengths. 

Absorption Tests of Concrete Blocks—Before making absorption 
tests, surface coatings were removed where possible. The paraffin 
coating was removed by heating, the McEverlast, Curcrete and 
Tarvia coatings were removed as completely as possible with 
kerosene while the sodium silicate was removed with warm water. 
No attempt was made to remove the linseed oil as it had penetrated 
into the concrete. The specimens were dried for 24 hours at a 
temperature of about 100°C. before immersion in water. The 
results of these absorption tests are shown by the curves in Fig. 10. 
They confirm the results of the strength and wear tests in that they 
show lowest absorptions for the methods of curing which gave 
highest strength and resistance to wear. 

A few special absorption tests were made at the l-year period 
on sections of air-cured and Tarvia-cured beams for the purpose 
of observing the depth of penetration of water into the concrete. 
The results showed that air-cured specimens were thoroughly 
saturated after 24 hr. soaking while the Tarvia-cured beams 
(coating not removed) showed little absorption even after immer- 
sion for a period of one week. The entire outer surface of the 
Tarvia-cured beams was then chipped off to a depth of approxi- 
mately 14-1n. and the process of soaking repeated. This procedure 
was repeated several times, one-half to one-inch of concrete being 
removed each time before the specimens were immersed in water. 
The results indicated that the inner core of concrete was as 
impermeable as the outer portion of the specimen and showed the 
difficulty of thoroughly saturating well-cured specimens of a 
high quality concrete. 
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Indentation tests—The indentation tests were somewhat erratic 
and therefore cannot be relied upon as a true criterion of the 
surface hardness of the concrete or the relative merits of the curing 
methodsemployed. Due tothesize of the aggregate used (maximum 
size 11% in.) difficulty was experienced in making accurate tests, as 
in a number of cases the steel ball would become embedded on 
top of a pebble thus increasing the load considerably. While 
this test was not accurate enough to distinguish between curing 
methods giving concrete strengths somewhat alike it did show 
consistent differences in comparisons between the best and the 
poorest curing methods as shown by the strength and wear tests. 


NOTES TO ACCOMPANY TABELS 


Compression tests of 6 by 12-in. concrete cylinders. 

Transverse tests of 7 by 7 by 38-in. concrete beams loaded on side at 1/3 points 
of 36-in. span. Portions of beams after failure under 1/3 point loading 
were loaded as a cantilever using a 12-in. overhang and 6-in. thrust. 


Wear tests on 8 by 8 by 5-in. concrete blocks. 
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Ball indentation tests using 14-in. diameter steel ball made on top surface (as 
molded) of beams after transverse tests. 


Miz 1-2-3 by dry and rodded volumes (5.9 sacks cement per cu. yd. concrete). 
Cement: A mixture of equal parts of 4 brands of portland cement purchased in 


Chicago. 
Aggregate: Fine; sand from Elgin, Ill., graded 0-No. 4 (F. M. = 3.00). 
re Coarse; gravel from Elgin, graded No. 4-114 in. (F. M. = 7.00) 


combined as follows: 
No. 4-3%-in. — 25 per cent. 
34-34-in. — 25 per cent. 
34-1)4-in. — 50 per cent. 
Water: Lake Michigan water from the Chicago city supply at 70° F.; sufficient 
water used to give 3 to 4-in. slump; nominal water-cement ratio 6 gal. 
per sack; net water-cement ratio 5.4 gal. per sack. 


Concrete: Mixed in batches of approximately 2 cu. ft. in a 31% cu. ft. tilting 
mixer for 2 minutes after adding mixing water. One specimen of each 
type made from a batch unless otherwise indicated. Unless otherwise 
noted, specimens covered with steel plate or wet burlap while in mold; 
molds removed after 24 hr. and specimens cured as indicated. 

6 by 12-in. cylinders molded in 3 layers in water-tight steel molds, 
each layer being rodded 25 times with a bullet-pointed 5<-in. steel rod. 

7 by 7 by 38-in. beams molded in oiled wood forms, concrete 
placed in 2 layers and each layer rodded 75 times with a 3-in. bullet- 
pointed steel rod. Top of beams finished with wood float. 

8 by 8 by 5-in wear blocks molded in one layer in steel forms and 
rodded 25 times with a bullet-pointed 5£-in. steel rod. Wear blocks 
tested in a Talbot-Jones rattler using a 200-ib. charge of 334-in. and 
1 %-in. steel balls. Rattler run 1800 revolutions at about 30 r. p. m., 
900 in one direction and 900 in the other. Blocks weighed before and 
after test and loss in weight, calculated to average thickness of concrete 
removed by the test, taken as measure of wear. Wear blocks tested in 
air dry condition. Surface coatings on wear blocks were not removed 
before test as this was done in the case of the paraffin coating and found 
to make little difference in depth of wear. 

After completion of wear tests representative blocks were dried to 
constant weight, immersed in old crank case oil for 3 or 10 days and 
then broken to determine the depth of penetration of oil. 

Curing: All specimens not cured in moist room or in water at 70° F. were 
stored in a room, the air of which was kept as near as possible at a 
temperature of 70° F., and a relative humidity of 50 per cent during the 
entire curing period. 

Specimens soaked before test were completely immersed in tank of 
clean water at 70° F. for 24 hr. when tested at ages up to 28 days, for 
48 hr. when tested at age of 3 months and from 4 to 7 days when tested at 
age of 1 year. 


Cl ak 
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Specimens dried before test were placed over a hot plate at a temper- 
ature of about 220° F. for about 6 hr. in the case of specimens tested at 
age of 1 day and for 24 br. in tests at ages of 3 days to 3 months; the 
l1-yr. specimens were dried in an air blast from an electric fan in labora- 
tory 2 weeks prior to testing. 


Surface Coatings and Covering Materials: Following is a description of the 


surface coatings used and the method of their application: 


McHverlast Paving Special used in Hunt Process was composed 
chiefly of Trinidad Lake asphalt and Gilsonite blended at a high tem- 
perature. One coat of the paint was sprayed on the fresh concrete with 
compressed air immediately after finishing at the rate of about one 
gallon for each 20 sq. yd. of surface. The paint did not penetrate the 
concrete but upon drying formed a thin coating over the surface which 
could be lifted with the fingers after 2 or 3 hr. while the concrete was 
still soft. After 24 hr. the paint had thoroughly dried and hardened 
forming a coating which adhered tightly to the hardened concrete. 

Tarvia K. P. A cold patch tar cut back with light oil. Applied with 
brush when concrete was removed from forms after 24 hr. Concrete 
protected with wet burlap until Tarvia was applied. Single coat of 
the Tarvia applied cold, one gallon covering approximately 20 sq. yd. 
of surface. The Tarvia did not dry as rapidly as McEverlast paint but 
after 48 hr. had dried sufficiently so that no stickiness was observable 
although it was slightly soft. 

Curcrete: An asphalt emulsion containing about 50 per cent water. 
Emulsion sprayed on fresh concrete immediately after placing, at the 
rate of about one gallon for each 10 sq. yd. of surface. Some difficulty 
was experienced in applying curcrete to vertical surfaces of specimens 
as it did not readily adhere to the concrete, and 2 or 3 coats had to be 
applied before concrete was sufficiently protected. Curcrete did not 
dry rapidly and at 3 mo. some stickiness was still observable. 

Paraffin. One coat paraffin was applied hot with a brush forming a 
covering approximately 7g-in. thick. Two sets of wear blocks were 
cured with paraffin coating one set being tested with the coating on, 
and the other with coating removed. No appreciable difference in 
wear was found for these two sets of specimens. 

Sodium silicate. Grasselli R. B. Silicate of Soda, a syrupy liquid, was 
mixed with sufficient water to give a density of 36 to 37° Baumé; this 
mixture required approximately 1 part water to 4 parts silicate by 
volume. Concrete protected with wet burlap until silicate was applied 
after 1 day in molds. Sufficient material of the required density was 
mixed and applied to the surface of specimens with a brush at rate of 
about 1 lb. silicate per sq. yd. of surface; 3 coats required for this quan- 
tity of silicate applied about an hour apart. The silicate gave a 
glossy varnish-like surface to the concrete. 

Linseed oil. One gallon of raw linseed oil applied cold in 3 coats cover- 
ing approximately 15 sq. yd. of surface. The coatings were applied at 
one-hour intervals. The oil discolored the concrete slightly, giving it a 
yellowish tinge. 

Sisalkraft paper bags. One beam or six cylinders were placed in a 
bag made from Sisalkraft paper, the top of which was folded over 
several times and a weight placed upon it. The specimens appeared to 
be damp when removed from the bags at ages up to 28 days. 
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Surface covering of calciwm chloride. Concrete protected with wet 
burlap for 24 hr. after placing when commercial flake calcium chloride 
containing 75 per cent of the anhydrous salt was sprinkled over top 
surface of specimens in forms. Deliquescence of the calcium chloride 
started immediately after placing but was not complete for about 24 
hr. Top edges of specimens were dyked with paraffin to prevent 
moisture from running off. Moisture retained on top of specimens for 
several days before soaking into concrete or evaporating. Penetration 
of calcium chloride into the concrete ranged from 7g to 3-in. 


Readers are referred to the JoURNAL for June, 1930, for discussion 
which may develop. Such discussion should reach the Secretary by 
May 1, 1930. 


WINTER CoNCRETING METHODS 


Report of Committee 604 


ROBERT C. JOHNSON, AUTHOR-CHAIRMAN 


Mr. Johnson submits this report as the tentative, first 
offering from his committee to which the Institute looks for some 
approach to the basic material from which “‘recommended prac- 
tice’ for use in concreting at low temperatures may be written 
later. In detacl of practice the present report is frankly con- 
cerned chiefly with building construction. Mr. Johnson’s con- 
tributeon was received too late by the critic members of the 
committee for their participation in the report as here pub- 
lished. He expresses the hope that their discussion and dis- 
cussion by members generally will lay the foundation for a 
more comprehensive report for later submission to the Institute. 
—EpItTor. 

INTRODUCTION 

Tuis report js prepared with the object of placing before con- 
tractors and their superintendents the why and how of winter 
concreting methods. Most modern construction organizations 
know how but very few know the why of curing methods specified. 
This sometimes results in fatal errors of Judgment. The scope 
of this paper is limited to concrete construction in ordinary 
buildings although the principles involved are equally applicable 
to other types of construction less difficult to protect. Concrete 
is often only an incidental part of many buildings and conse- 
quently is handled by organizations that cannot specialize in 
this material to the exclusion of other important items of the 
structure. 

*Immel Construction Co., Fond du Lac, Wisc. 
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All of the structural members of a building are designed to 
carry the live load or occupancy load, and the dead load or weight 
of the’structure itself. The size of each member is determined on 
the basis of a maximum allowable unit compressive stress in 
its concrete. This stress depends upon the assumed strength 
of the concrete twenty-eight days after it has been placed. The 
object of the engineer’s concrete specification is to obtain this 
design strength. The production of a predetermined quality of 
concrete requires: 


1. Proper selection of materials. 

2. Proper proportioning of materials. 
3. Proper mixing of materials. 

4. Proper placing of concrete. 

5. Proper curing of concrete. 


Most construction organizations rigidly control the first four 
items and neglect the fifth. The economies of proper selection, 
proportioning, mixing, and placing are well understood whereas 
the cost of curing has been looked upon as a total loss. Actually 
the cost of properly curing concrete may be more than saved in 
cement and form costs if the principles are understood. 


CURING CONDITIONS 


When concrete hardens the cement combines chemically with 
the water to make a paste which solidifies and binds the sand and 
stone together. The chemical combination is a slow process 
requiring approximately 28 days at 70° F. to reach the design 
strength. Unfortunately water evaporates into dry air at this 
temperature more rapidly than it combines with the cement. 
Because of this the surfaces of freshly placed concrete must be 
kept wet to prevent the escape of water from the concrete mass. 
If too much water is allowed to evaporate from the mass, the 
effect on the strength is much the same as leaving cement out 
of the mixture. Fig. 1 shows the effect of moist curing on the 
strength of concrete. 


All of the specimens used in preparing Fig. 1 were standard 
6-in. x 12-in. cylinders of 1:4 mix of average consistency. All 
cylinders were broken at an age of 120 days and those which were 
in damp sand the entire period test 214 to 3 times as strong as 
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those exposed to room atmosphere for the same period. Pro- 
tecting the concrete from excessive drying for only the first ten 
days shows an increase in strength of about 75 per cent. The con- 
crete stored dry tested 2000 Ibs. per sq. in. at 120 days whereas 
the concrete stored moist for only the first seven days and then 
stored dry for 113 days tested 3000 lbs. per sq. in. This is a 
remarkable increase in quality for so simple a procedure as moist 
curing. One of the most apparent effects of premature surface 
drying is the so-called dusting or sanding of cement finished floors. 
Concrete should be kept wet for seven days after it has been 
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Fic. 1—EFFrEcT OF CURING CONDITIONS ON THE STRENGTH 


OF CONCRETE. 
Bulletin No. 10 Structural Materials Research Laboratory, Lewis Institute. 


placed. This can be done by frequent sprinkling in hot weather 
and by the use of escaping steam or water near salamanders in 
cold weather. 

Temperature has a very marked effect upon the hardening of 
concrete. Fig. 2 shows the result of temperature upon the com- 
pressive strength of concrete. 
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The concrete used for all specimens in these tests was of a 
1:2:4 mix with a wet consistency. A concrete designed to test 
2000 Ibs. at 28 days when cured at 70° F. would test only 1400 
Ibs. if cured at 40° F. From these curves it is apparent that con- 
crete should be kept at a temperature of 70° F. for at least seven 
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days. The actual period should depend entirely upon the 
design strength, the loading, the mixture and the consistency of 
the concrete. Rich, dry mixes may in some instances be cheaper 
than an extended period of protection and heat. Table I pre- 
pared by W. A. Hoyt, M. A.S8. C. E. shows the approximate daily 
increase in the strength of a concrete designed to acquire a 
strength of 2000 Ibs. in 28 days when cured at low temperatures 


Pennine 
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during the early stages. This table is applicable only to concrete 
kept above 32° F. and no 24-hour period is to be counted during 
which the air has reached a temperature as low as 35° F. 


TABLE I—APPROXIMATE DAILY INCREASE IN STRENGTH OF CONCRETE DESIGNED 
TO PRODUCE A COMPRESSIVE STRENGTH OF 2000 LB. PER SQ. IN. AT 28 


DAYS 
(Use proportionally higher increments for higher strength concrete) 


Mean Daily Age in Days 
Temp. 

Degrees F. 1 2, 3 4 5 Ose 8 9 10 
40 PP SRell IDIE Cee be aie || ae es SPA aOR: Zire a 289 
44 1 Ze O58 eon ee OOn| POO Ua OOM oe) enol: san San ey 
48 153m OOM aod OS) mole OSM ar o4 Hewose ln ola eesO 
52 155 | 100 81 69 63 61 57 55 52 50 
56 om el OD Rosa a QONeOOMm (OSI Olin 09) mo 4aneroll 
60 LOSS 22 alee Soule cla OSs GOON n Osim (OOM moos emo 
62 20s AG Sin oleae 7000 GO) aGoe ts GON S6aineoS 
64 PANG PA) NO) ere ale | ee || OR AOS eG |) ES 
66 Pee | Wes || BTN Ae, 631] GS) || GBS sh EO) Gi, is 
68 230 HEI807 9678) 14 IS 69") 6451560) | 8574 953 
70 DAA OR LOO ae SON comm OMG al Olea ome 

Mean 

Daily Age in Days 

Temp. 

Deg. F. 11 12 13 14 15 16 17 18 19 20 Pail 
40 ARS Ed OMe SO nmrielle eS Se|eOOL SOU (ie lleZo! | le 2am lee 
44 AS eA Se ANS Pe SSats sS4 4 soo NW OOn 2G eZo 1a 25-1023 
48 48 45 42 41 37 34 31 28 25 24 23 
52 ASN TAG |e 4a 42a SSn|Se5o |) eolalbeoO |e 285ian20u |e eet 
56 ADU SAGH e445 42 SS sone ola soURl) 30) 2e (26 
60 RO A a I S| tae || a BID I ak AB) |) 4s} 
62 BO) AR EE ABE aio] ey |) BPA Sal at Ae 
64 BOW AG 445 41) 38393633) Sle 30229) 28 
66 49} 46 | 44) 41 | 38) 36) 33 |- 327) 30) 29) 28 
68 AON) AG 44S Ale Se SSs lee oOnmote | o2. 130 He ZonlbeZs 
70 49 46 At 41 38 36 34 32 30 29 28 

Example— 


It is desired to estimate from the table the approximate 
strength at five days of concrete which has been subjected to the 


mean daily temperatures given: 
Increment from table 155 (Taken for 52°) 


Ist day 54° F. 
2nd day 48° F. 
3rd day 60° F. 
Ath day 52° F. 
5th day 44° F. 


Increment from table 
Increment from table 
Increment from table 
Increment from table 


95 
85 
69 
60 


464 lb. per sq. in. 
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This is less than 14 of 2000, or 500 lb. per sq. in. and the heating 
should be continued. 


* 


FREEZING OF CONCRETE 


Under no circumstances should freshly poured concrete be 
allowed to freeze as the water becomes crystallized and is not 
available for combination with the cement. If wet concrete has 
become frozen it should be thawed out slowly and kept warm and 
wet for at least 20 days. Concrete must never be allowed to 
freeze and thaw alternately or it will be past any possible salvage 
and have to be removed. Concrete which has partially hardened 
before freezing is seriously damaged because the expansion of the 
water loosens all of the solids in the partially hardened mass. 
Never allow green concrete to freeze. 


DESIGN LOADS AND CONSTRUCTION LOADS 


One of the great dangers of winter concreting is in the erection 
of tall reinforced concrete buildings designed for light live loads. 
In buildings of this class the live loads for which the floors are 
designed are usually less than the construction loads which occur 
during the erection of the building. For this reason heavier loads 
are likely to be placed on the floors while the concrete is still 
green, than the panels were designed to carry when the concrete 
had cured. Where concrete is not properly cured to gain full 
early strength, danger is imminent in winter construction. 
Some winter failures are due to this cause rather than to the 
actual freezing of the concrete. 


Assume a concrete slab designed for concrete testing 2000 
Ibs. per sq. in. at 28 days with the following conditions: 


Live load equals 40 lbs. per sq. ft. 
Dead load equals 80 lbs. per sq. ft. 
Total load equals 120 lbs. per sq. ft. 
Unit compressive stress equals 650 Ibs. per sq. in. 


Then compression due to dead load equals = x 650 = 434 lbs. 


With these conditions in mind assume the concrete is placed in 
cold weather, average 40° F. and stripped in 20 days to start 
brick work. Brick and mortar are stored on the slab averaging in 
weight 100 lbs. per sq. ft. From curve 2 the strength of the con- 
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crete is .65 x 2000 = 1300 Ibs. The total load equals 100 plus 
80 = 180 lbs. and the stress in the concrete is se x.600° = 975 
Ibs. per sq. in. From these computations the ultimate compres- 
sive strength is only 1300 lbs. instead of 2000 Ibs. and the unit 
compressive stress is 975 lbs. instead of 650 lbs. This is a dan- 


gerous condition and one that often exists on cold weather jobs. 
METHODS 


(A) Frost Protection—Concrete should be placed in the forms 
not colder than 70° F. and not hotter than 140° F. and should be 
maintained at not less than 70° F. for at least seven days. These 
temperature ranges control the amount of heat that must be 
furnished on the job. The heating of materials is therefore a 
progressive process increasing with the decrease in temperature. 
Starting with the first chilly days in the fall, it is sufficient to 
heat the water. As temperatures drop lower, usually at about 
35° F., the sand and stone must be heated. In heating aggre- | 
gates care must be taken to see that all frozen lumps are thawed 
out and broken up. All frost and ice must be removed from the 
forms and reinforcing steel before any concrete is placed. This 

-can best be done by the use of steam jet. Before freezing tem- 
peratures are reached it is usually sufficient to cover freshly 
poured concrete with canvas and marsh hay to protect it during 
the night. 


(B) Winter Protection—For concrete work carried on when 
day time temperatures are below freezing it is necessary to enclose 
the structure and furnish temporary heat. For ordinary winter 
jobs in the Northern States the following practices have become 
quite general. 


1. Plant—The following items of plant are required, their 
number and size depending upon the size of the job and the 
temperatures: 

1. Steam boiler—50 h. p. 60 lb. pressure 
‘Steam hose—approx. 200 ft. 
Steam points—11!4-in. for aggregates 
Iron pipe and fittings—114-in. 


CER Sek 


Thermometers 
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6. Canvasses—12 oz. duck 16 ft. x 20 ft. 
7. Salamanders 

8. Marsh hay—not always required 

9. Water barrel for mixer water 
10. Water barrels for fire protection 


2. Heating Materials—A water barrel should be mounted 
above the mixer and connected to the steam boiler by 114-in. 
pipe, valved at the mixer, with the end terminating a few inches 
above the bottom of the barrel. (Sketch) 

Steam should be allowed to flow to the barrel in sufficient quantity 
to keep the water entering the mixer at about 150° F. 

For ordinary jobs the aggregate piles are heated by several 
pieces of steam hose to which are attached 6 foot lengths of per- 
forated pipe drawn to points at the end and closed. These points 
are forced into the stock piles near location where the aggregate 
is being removed. It is good practice to cover all stock piles with 
canvas to retain the heat and to keep out snow and ice. Sand 
and stone should be heated to a minimum of 40° F. and preferably 
to between 60° and 70° F. Where storage bins are used, perfor- 
ated pipe coils may be placed near the bottoms of the bins. If 
sand and stone are received in carload lots steam points may 
have to be driven into the cars before they can be unloaded. In 
all cases all frozen lumps must be thawed out. 


A steam hose outlet must be made available at each floor level 
to be used in removing snow and ice from the forms and rein- 
forcing steel. This should be done continuously just ahead of 
placing. The varying conditions of each job control the actual 
plant requirements. The general principle as stated before is 
to place the concrete in the forms not colder than 70° F. nor 
hotter than 140° F. 


3. Protecttion—Before starting to concrete the columns of 
any story, or the floor supported by such columns, canvasses of 
12 oz. duck should be hung from the spandrel-beams of the floor 
to be poured and lashed under the spandrel-beams of: the floor 
below. The canvasses should be held away from the outside face 
of the exterior concrete between 6 inches and 24 inches to provide 
space for the circulation of heat. The canvas curtains must be 
well lapped to exclude wind and must reach well below the surface 
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of the floor supporting the columns to be concreted. When the 
entire floor is not poured in one operation, the area to be poured 
is shut off from the rest of the story by a curtain across the build- 
ing. 

Salamanders containing coke fires should be placed inside the 
enclosure and a temperature of 70° F. should be obtained at the 
underside of the forms before any concrete is placed. This will 
generally require one salamander per 300 sq. ft. of floor area. At 
least one salamander will be required at each exterior column and 
in extremely cold or windy weather two may be required. Heat 
holes about 8-in. x 12 in. should be left in the floor being con- 
creted with one hole to approximately each salamander. These 
vents serve the double purpose of allowing heat to reach the top 
of the slab and letting the carbon monoxide gas escape. When- 
ever a considerable number of salamanders are being used the 
firing should be done by men working in pairs so that the danger 
of gas poisoning is minimized. In winter concreting columns are 
usually poured only about an hour ahead of the floor. These 
columns must be well hammered and tamped to limit the shrink- 
age cracks at the column tops. 

As fast as the floor slab is concreted, it must be eee with 
canvas well lapped and supported 6 inches to 24 inches above the 
concrete. These covers must be well lapped over the side cur- 
tains and secured. The top canvasses may be supported on 
frames attached to the column reinforcing or on braces fastened 
to the vent hole boxes. 

During the entire period of winter concreting a detailed record 
should be kept of the following temperatures: 


1. Outside Air. 

2. Concrete reaching forms 

3. Bottom of concrete slabs 

4. Top of concrete slabs 

5. Bottom of exterior columns ‘at most exposed side. 
These readings should be taken every four hours, day and night, 
and additional heat and protection furnished if the temperature 
falls below 50° F. at the most exposed points. Salamanders must 
be fired continuously in small amounts to maintain a uniform 
temperature. Full water barrels and fire buckets must be avail- 
able wherever salamanders are burning. 
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4. Period of Protection—The duration of the heating period as 
previously stated should be seven days for ordinary 2000 lb. 
concrete. This may be materially reduced by the use of early 
strength concrete or by increasing the cement content or by 
decreasing the water cement ratio. The detail temperature 
records must be studied to determine the time of protection. It 
is advisable to take test cylinders from the forms, storing one on 
the fresh concrete and one inwarm, damp sand. These should 
be broken at seven days. 


5. Stripping of Forms—It is impossible to give any definite 
rules as to the minimum time forms must remain in place on 
winter concrete jobs. The safe time to strip forms must be de- 
termined by the particular conditions on each structure. The 
temperature records and test cylinders should both be used in 
figuring this time. 


Readers are referred to the JouRNAL for June 1930 for discus- 
sion which may develop. Such discussion should reach the Secretary 
by May 1, 1930 


nope 


A SUMMARY OF THE RESULTS oF INVESTIGATIONS Hay- 
ING TO Do with VOLUMETRIC CHANGES IN CEMENTS, 
MortTarRs AND CONCRETES, DuE To CausES 
OTHER THAN STRESS 


Report of Committee 102, Volume Changes in Concrete 
BY RAYMOND E. DAVIS*, AUTHOR-CHAIRMAN 


This report is the work of the author-chairman. Its scope 
and tts detail were so formidable as to discourage critic mem- 
bers from going back over the ground which Professor Davis 
apparently has covered so thoroughly, in the teme avarlable for 
suggestion or discussion to be considered now.—EDITOR 


INTRODUCTION 


CEMENTS possess the property of changing their volume with 
variations in moisture conditions, just as do clays and other 
granular materials of similar character, and all mortars and con- 
cretes in which cement is employed are likewise affected, not only 
during early life when the hardening process is most actively in 
progress, but for all time so long as the particles of the mass are 
in the process of physically absorbing or giving up moisture or are 
undergoing chemical change. These volumetric changes due to 
variations other than temperature have for a long time been re- 
cognized to exist, and both in this country and abroad numerous 
investigators have observed and reported upon the phenomena of 
shrinkage accompanying the hardening of cement products in 
air, and of expansion accompanying the hardening of these 
products under water. 

*Professor of Civil Engineering, University of California. 
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Quite independent of the volume changes just mentioned are 
those produced by variations in temperature which for concrete, 
as for other structural materials, produce expansion or contrac- 
tion accordingly as the temperature rises or falls. 

The purpose of this report is to bring together the results of 
what are considered to be some of the more important investiga- 
tions so far reported, having to do with volume changes produced 
by causes other than stress, that is, (a) those influenced by 
moisture conditions and (b) those influenced by variations in the 
temperature of the material. Little attempt has been made to 
discuss the relative accuracy of published findings of the various 
investigations or to explain apparent discrepancies in these 
findings, this being left largely to the judgment of the reader. 

However,: with regard to moisture-volume changes, which 
always take place slowly and are long continued, it should be 
stated that the results of not a few of the researches indicate to 
the writer a lack of comprehension on the part of the observers 
as to all of the variables involved. Particularly is this true in the 
matter of the time factor and with reference to variations in 
temperature and atmospheric humidity. Thus the shrinkage of a 
mortar in air for three months is no criterion of the shrinkage at 
three years. Nor is the shrinkage of the concrete exposed to an 
atmosphere of, say, 70° F. and 70% relative humidity an indica- 
tion of what the shrinkage would be for the same concrete exposed 
to a relative humidity of 50% at this same temperature. Again, 
it is not to be expected that a mass of thick section will exhibit the 
same rate of shrinkage as one of thin section; nor would the ulti- 
mate shrinkage be as great for the former as for the latter. 

At the close of the report will be found a bibliography of the 
literature which was consulted in the preparation of the paper, 
each title being numbered. These reference numbers appear 


over the names of the authors in corresponding portions of the 
text of this report. 


VOLUMETRIC CHANGES TAKING PLACE WITH TIME 


Important factors influencing volume changes produced by the 
hardening process or affected by moisture conditions, which take 
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place with time, are discussed under the following heads: 
Composition and Fineness of Cement. 
Proportioning of Mix. 

Type and Gradation of Aggregate. 

Admixtures (Lime, Clay, etc.). 

Consistency of Mix. 

Moisture Conditions. 

Age at First Observation. 

Length of Period of Investigation. 

Size and Shape of Mass. 

10. Method of Mixing and Placing and Absorptiveness of Molds. 

11. Amount and Distribution of Reinforcement. 

1. Effect of Composition and Fineness of Cement: The volume 
changes among cements vary considerably with the chemical 
composition and are affected by fineness of grinding. 

Tests reported by P. H. Bates” of the U.S. Bureau of Standards 
were made on 1 by 1 by 13-in.-bars of neat cement and of 1:3 
standard sand mortar, (1) using ten different brands of cement 
as received (75 to 91 per cent passing a No. 200 sieve), (2) using 
the same ten brands reground so that about 99 per cent passed a 
No. 200 sieve, and (3) using both the normal and reground 
cements after adding 2.5 per cent of SO; in the form of gypsum. 
After immersion for thirteen weeks, the average expansions of the 
ten bars in each group were as shown in Table 1, the initial ob- 
servations having been made 24 hours after molding the bars. 


Sop ea tanec heres 


TABLE 1 
EFFECT OF COMPOSITION AND FINENESS OF CEMENT UPON EXPANSION (BATES) 


Expansion of Neat | Expansion of 1:3 


Cement Bars Mortar Bars 
Wormallcement. vast soe 0.076% 0.012% 
Resroundicementen. seo. a oe 0.085 0.013 
Normal cement + 2.5% SO3...... 0.154 0.028 
Reground cement + 2.5% SOs.... 0.121 0.017 


From the table it will be seen that the expansions of the normal 
cements were on the average only about 90 per cent of the ex- 
pansions of the reground cements for both the neat cement and 
the 1:3 mortar bars. It also appears that the addition of gypsum 
to the normal and reground cements increased the volume quite 
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markedly, the expansion for the normal cements being more than 
doubled. 


These tests also demonstrated that the resulting volume 
changes varied considerably among the ten cements investigated, 
the expansion varying from 0.057 to 0.120 per cent for the normal 
neat specimens and from 0.005 to 0.024 per cent for the normal 
1:3 mortars. 

W. K. Hatt® at Purdue University made tests upon 2 by 2 by 
24-in. bars of six brands of portland cement. The specimens were 
stored in water for 10 days and then in air for about 4 years. The _ 
maximum contractions, amounting to from 0.12 to 0.23 per cent 
were observed after about 1 year. Subsequent changes due to 
variations in humidity of the air were approximately alike for the 
several brands. The data from a second series of tests by Hatt 
are presented in Table 2. In this series the neat cement bars were 
stored in water 50 days followed by air storage for 220 days and 
then by water storage again for 889 days. 


TABLE 2. 


CHANGES IN LENGTH OF NEAT CEMENT BARS MADE FROM SEVERAL BRANDS OF 
CEMENT (HATT) 


Actual Percentage Net Percentage Change 
Storage Change During at End of Period Based 
Period Upon Initial Reading 
50 days in water........ +0.01 to +0.05 .+0.01 to +0.05 
Q201day Sankar eee eres —0.11 to —0.16 —0.06 to —0.15 
889 days in water........ +0.18 to +0.21 +0.04 to +0.15 


It will be seen that among these several cements the changes 
from. the initial volume (net per cent changes) vary much more 
than do the actual percentage changes under a given condition 
(wet or dry). That is, the cements which exhibited the greater 
net expansions under water also developed the lesser net con- 
tractions in air. Thus it appears that an immersion test by itself 
is not a true measure of the volume changes which may be 
anticipated for a given cement. 

This same series of tests included observations of weight 
changes. The results indicate that the percentage loss or gain in 
weight due to moisture for a given cement is indicative of (though 
not of necessity directly proportional to) the change in length. 
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Among the different cements, the ratio of the volume change to 
the weight change was far from being constant. That is, one 
cement might exhibit larger weight changes yet smaller volume 
changes than another cement. 


Accelerated expansion tests using the Le Chatelier apparatus 
in which the cement paste was boiled for 6 hours were reported in 
Le Ciment (1923) as shown in Table 3. 


TABLE 3 
EFFECT OF BOILING CEMENT PASTE 


Percentage Residue on Sieve E ae 
xpansion in mm. 
Cement Metric 900 Metric 4900 with Le Chatelier 
U.S. Equiv. 76 U.S. Equiv. 178 Apparatus 
3 28 6 
A 2, 20 3 
1 16 1 
2.0 25 2 
B 15 20 2 
0.5 14 % 


These results indicate a pronounced decrease in the expansion 
with increase in fineness of the cement. This is the reverse of the 
findings of Bates, using bars, although one or two samples which 
he tested appeared to exhibit slightly less expansion with an in- 
crease in fineness of the cement. The difference in test results 
may perhaps be explained by the difference in test methods. It 
appears that the boiling test does not give results indicative of the 
behavior of a cement hydrated in the normal manner. 


The results of tests of volume change of several cements by 
Dr. H. Nitzsche®* are as shown in Table 4, where the cements are 
listed in order of decreasing fineness. The mortar bars (100 mm. 
in length and 5 sq. em. in cross section) were of an approximate 
1:4 mix and of average consistency, such as might be appropriate 
for reinforced concrete. They were left in the molds two days 
after which they were stored 7 days in water, 10 days in room air, 
and then dried to constant weight at 50° C. It is impossible 
clearly to separate the effect of the kind of cement from the effect 
of the degree of fineness of the cement, but it appears that at least 
for the portland cements the expansion in water increases with 
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the fineness of grinding and that in general portland cements ex- 
pand more than slag cements. In any case, the results do show a 
distinct difference between the expansions of the cements in- 
vestigated. 


TABLE 4 
VOLUME CHANGES IN MORTAR BARS (NITZSCHE) 


Cement Percentage Expansion in Water 
Finest slag cement........... RRS ER Bo Sori 0.0275 
Hinest:portland! cement). 204-6 ae eee 0.0347 
Coarsest slag cement ...............--- eae 0.0224 
Coarsest portland cement............. yi 0.0255 
fron: portlandicementiene esas: cere 0.0204 


A. H. White! measured the volume changes of many neat 
cements and 1:3 cement mortars made into 1 by 1 by 4-in. bars. 
The range of variations of expansion and contraction for the 
several cements may be summarized as follows: 

Neat cement bars hardening under water: After 1 year, ex- 
pansion 0.07 to 0.15 per cent; on drying 65 days in air after 3 
years in water, total contraction 0.13 to 0.15 per cent; on wetting 
again for one month, total expansion 0.13 to 0.17 per cent. 

Neat cement bars hardening in air: Contraction after 3 months, 
0.14 to 0.28 per cent; after 1 year, 0.18 to 0.34 per cent with a 
slight increase to 4 years. 

Mortar bars of 1:3 mix hardening under water: Expansion 0.01 
to 0.05 per cent at 1 year, the more rapid changes occurring 
during the first few weeks. 

Mortar bars of 1:3 mix hardening in air. Contraction 0.06 to 
0.09 per cent at one year, most of the contraction being in the 
first 3 months. 

Tests by Raymond E. Davis at the University of California 
upon concrete bars 3 by 38 by 40-in. of a 1:2:3 mix by volume 
using three California portland cements indicated rather small 
variations for the specimens stored continuously in air (0.078 to 
0.082 per cent contraction at the age of three months) while the 
expansions for the specimens stored continuously in water for the 
same period ranged from 0.007 to 0.011 per cent. 

C. A. Wright and H. H. Scofield® of Cornell University made 
comparative tests of the volume changes occurring in mortars and 
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concretes made of high alumina cement and of portland cement 
during the first 24 hours after mixing. The aggregates were a 
bank sand and screened gravel and the slump of all mixes was 6 
to 7 in. The 6 by 6 by 40-in. specimens were cast in smooth 
watertight metallic molds; the air surrounding the specimen being 
kept at a temperature of 20° C. and a relative humidity of 60 
per cent. Two micrometer microscopes mounted on a brass scale 
and sighted on brass plugs imbedded in the specimens were used 
in making the observations. The data from the tests are presented 
in Table 5. 


TABLE 5 
EARLY VOLUME CHANGES (WRIGHT AND SCHOFIELD) 


Percentage Length Change During First 24 Hours 


Mix High Alumina Cement Portland Cement 
1:1 mortar —0.143 +0.007 
1:3 mortar —0.105 +0.002 
1:5 mortar —0.042 +0.016 
1:1144:3 —0.087 —0.006 
1:2:4 —0.046 —0.016 
1:214:5 —0.027 +0.008 


This table shows that the early volume changes of the alumina 
‘cement mixes are considerably greater than for the portland 
cement mixes. 

2. Proportions of Cement and Aggregate—The cement ratio has 
a definite effect upon the volume change; the leaner the mix, the 
less the change (expansion or contraction) occurring over a period 
of time. The comparative results as obtained by some early 
investigators, are presented in Table 6. 

F. R. McMillan?’ conducted tests on 4 by 5 by 24-in. bars of 
limestone concrete of varying proportions. The bars were cured 
_ 2weeks under wet burlap and were then stored in air for 430 days. 
The net percentage contractions after the first observations at 
one day follow: 


Miz Contraction Mix Contraction 
1/233 066% EP UES .060% 
1:2:4 064% 1:3:6 055% 


Dr. Morsch® has reported tests of the influences of cement ratio 
and the quality of the sand upon the volume changes in water and 
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TABLE 6 
PERCENTAGE VOLUME CHANGE AS AFFECTED BY CEMENT RATIO (WHITE) 


Neat 1:3 Mortar i 
Duration] Size of 
Authority | Exp. Contr. Exp. Contr. | of Test | Specimen 
Bauschin- 
ger! 0.046 0.214 0.009 ORta2 16 wks. |4.7-in. cube 
Tornei 0.025 0.201 0.027 0.094 | 12 wks. |4.7-in. cube 
Gary? 0.026 0.129 0.018 0.053 4 wks. 
0.092 0.020 2 yrs. 
Schuman? 0.082 0.021 4 wks. |0.77 sq. in. 
Schuman? 0.150 0.027 5 yrs. by 3.9 in. 
Considere® | 0.079 0.132 0.028 0.050 9 wks. 
Graf! and 3% 0.242 ie (GWA > Biswas, 
White?! 0.111 0.025 3 yrs. |1x1x4-in. 
White" 0.321 0.072 4 yrs. |1xlx4-in. 


*1:2 mortar. 


in air. He noted that neat cement and also 1:3 and 1:5 mortar 
specimens in water swelled continually during the first year, 
whereas the shrinkage in air reached a maximum at 90 days. The 
relative expansion at one year in water and the contractions at 
90 days in air were: 


Relative Water Expansion| Relative Air Shrinkage 


Neat cement........ 180 150 
eS smortates as eeane 45. 52 


Investigations by Goldbeck and Jackson®® on 8 by 8 by 60-in. 
bars of mortar and of concrete of various mixes stored in air dis- 
closed no marked difference in volume changes due to the cement 
ratio, although the lean mixes contracted the least. The rich 
mortar in water expanded about half again as much as the ee 
mortar. Their results are presented in Table 7. 


In the tests of Matsumoto* at the University of Illinois, it was 
found that a rather direct relationship existed between the 
cement ratio and the expansion in water as well as the contraction 
upon oven drying. The specimens were 2 by 3 by 24-in. bars. 
They were first kept wet for 60 days, then air dried 58 days, and 
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TABLE 7 
EFFECT OF RICHNESS OF MIX (GOLDBECK AND JACKSON) 


Percentage Volume Change Test 
aes es 
Mix Exp. in Contr. in |Duration Remarks 
Water Air Days 

1:2 mortar 0.025 560 |Expansion completed 
1:3 mortar 0.016 560 
1:2 mortar 0.11 310 /|Contr. progressing at rate 
1:3 mortar 0.11 310 jof .01% in 40 days. 
1:2:4 concrete 0.065 800 |Results the same for wet 
1:3:6 concrete 0.060 800 j|and dry consistencies. 


finally dried in an oven at 200° F. The results are shown in 
Table 8, the net contractions of the last two columns being based 
upon the first observation after casting. 


TABLE 8 
EFFECT OF RICHNESS OF MIX (MATSUMOTO) 


Percentage Percentage Net Percentage Net 

Mix Expansion Contraction Contraction 

Wet—60 Days Air—58 Days Oven—29 Days 
ili 0.0124 0.046 0.157 
12 0.0100 0.049 0.124 
1:3 0.0101 0.050 0.108 
1:1:2 0.0091 0.036 0.081 
1:2:4 0.0055 0.033 0.064 
1:3:6 


0.0019 0.036 0.062 


It will be observed that the contractions after 58 days in air do 
not bear a consistent relationship to the cement ratio, indicating 
that the results of a short-time test are not always a criterion of 
values which would ultimately obtain. 

The effect of richness of mix is further demonstrated by the 
results of a comprehensive series of tests by W. K. Hatt® at 
Purdue University which are presented in Table 9. The speci- 
mens were 4 by 4 by 48 in. They were cured for 14 days under 
wet burlap previous to the first drying period. The values for the 
concrete specimens are averages for three coarse aggregates— 
gravel, limestone and slag. It is seen that the contractions were 
greater for the first drying period than for any following period 
and also that a residual shrinkage after the final soaking is shown 
for all bars except those of neat cement, even though the weights 
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are greater than at the beginning. The table also shows that the 
richer the mix the greater the change in length from one extreme 
storage condition to the other. 


TABLE 9 
EFFECT OF RICHNESS OF MIX (HATT) 
Percentage Contraction | Percentage Expansion Residual 
Mix Change after 
1st Drying | 2nd Drying | Ist Soaking /2nd Soaking] 2nd Soaking 
182 Days | 255 Days | 130 Days | 106 Days Period 
Neat 0.089 0.061 0.092 0.068 +0.010 
1:2 0.085 0.050 0.059 0.042 —0.030 
1273 0.044 0.026 0.032 0.026 —0.007 
1:2144:4 0.040 0.023 0.027 0.022 —0.010 
1:2144:5 0.037 0.021 0.024 0.020 —0.014 
1:3:6 0.034 0.019 0.021 0.016 —0.012 


Tests by Davis and Troxell®* at the University of California 
also show greater volume changes for rich mixes than for lean 
ones. The 3 by 3 by 40-in. bars were of gravel concrete of 4 
different gradations and were cured in water for 28 days previous 
to oven drying. Table 10 shows the data from these tests. 


TABLE 10 
EFFECT OF RICHNESS OF MIX AND GRADATION OF AGGREGATE (DAVIS) 
Percentage Contraction, Wet to Oven Dry 
Concrete Aggregate of Low Aggregate of High 
Surface Modulus Surface Modulus 
1 0.117 0.101 
1:3 0.105 0.090 
1:44 0.090 0.080 
1:6 0.090 0.068 


J. C. Pearson™ of the Bureau of Standards made shrinkage tests 
of mortars and concretes to determine the effect of richness of 
mix and also the effect of the absorptive character of base. The 
initial measurements were made while the specimens were still 
plastic and observations were continued for 9 weeks. The 
specimens were 1 by 4 by 24 inches, stored in air. The results 
are given in Table 11. 


3. Effect of Type and Gradation of Aggregate—Many investiga- 
tors have shown the important influence of the type of aggregate 
upon the volume changes developed in mortars and concretes. 
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TABLE 11 
EFFECT OF RICHNESS OF MIX AND ABSORPTIVENESS OF BASE (PEARSON) 


Percentage Contraction at 64 Days 


Mix On Non-Absorptive On Dry or Damp 
Bases Absorptive Bases 

Neat cementoe is ae Lokam ed cen. O27, 
uicement.sl.sande teed an, & 0.123 
comen thee sand =. tack. we Jc 0.110 0.067—0. 108 
Iscementirs SANG we. cae ne 0.109 0.064—0. 067 
HECeMeILiE A SAN Oe arsine 0.094 0.059—0.081 
iecement 5: sand sy ais. secon 0.086 0.060—0.080 
icement): Gisand.....5..<.2:.. 0.084 0.054—0.063 
1 cement : 4 crushed gravel... . 0.067 0.028 
1 cement : 6 crushed gravel... . 0.050 0.024 


In connection with tests to determine the volume changes in 
neat cements and cement mortars, Schumann’ observed the ex- 
pansion and contraction of various building stones when alter- 
nately wet and dried. The results are shown in Table 12. 


TABLE 12 
VOLUME CHANGES IN BUILDING STONES (SCHUMANN) 


Percentage Change in Two Weeks 
Kind of Stone In Water In Air 
Sandstone—red, fine grained............ +0.006 —0.018 
TCC ARCOATSGM ARR are aogier a +0.016 —0.023 
green, fine grained.......... +0.050 —0.050 
ned, wimenorameds fier sas +0.050 —0.050 
red, very fine grained........ +0.206 —0.178 
Limestone—white.............. Gye oer sh +0.004 —0.008 
Ibe Mave MENS: 542 ob euch ac +0.007 —0.008 
(halle pa naisett ates mers ear ost +0.011 —0.009 
dense, containing clay....... +0.026 —0.026 
(GRIN Sh ie oo ee ee ee: +0.006 —0.015 
Basalt So iP node Grech anon REE See ee +0.026 —0.027 
(Ey Gee Lue Ree eee a ree +0.041 —0.050 
(es cit Eee eee are +0.048 —0.057 
RMAs ink he Sees ihe, aot ats +0.023 —(0).057 


Matsumoto® subjected 3 by 4 by 24-in. bars of sandstone and 
limestone to moisture expansion tests to determine the volume 
changes in the stone acting alone. The bars were first oven dried 
6 days and then soaked 13 days. The sandstone absorbed 5.75 
per cent water and expanded 0.080 per cent, or somewhat more 
than that of ordinary concrete. Of this amount, 0.070 per cent 
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expansion occurred the first day. Limestone treated in a similar 
way expanded only 0.001 per cent but it absorbed 6 per cent of 
water. 

Cloyd M. Chapman“ made several tests on 2 by 2 by 24-in. 
bars to determine the effect of type of fine aggregate upon the 
contraction of 1:2 mortars and 1:2:4 concretes. The fine ag- 
gregates were all of the same gradation and the coarse aggregate 
for all the concrete specimens was a 34-in. gravel. The contrac- 
tions after 7 days in water and 1 year in air are shown in Table 13. 


TABLE 13 
EFFECT OF TYPE OF FINE AGGREGATE UPON AIR SHRINKAGE (CHAPMAN) 


Percentage Contraction 

Fine Aggregate (Screenings) 1:2 Mortar 1:2:4 Concrete 
Conglomerate. >) ase sae ree 0.21 0.075 
Trap ROCKERS Aco kes eee ne ae, aera ae 0.21 0.093 
Slats ci vonals Seen ore eae te eee 0.14 0.068 
Granite. 2 dessa oie ee nee ee 0.13 0.068 
Limestone siteyare S20. eae oe eee 0.13 0.062 


In further tests Chapman* determined the effect of gradation 
of the conglomerate upon the contraction of a 1:2 mortar by 
screening out all particles under the 20 mesh. The mortar with 
fine particles removed contracted only 0.18 per cent as compared 
with 0.21 per cent for the normal aggregate. 


Tests by F. R. McMillan?’ on 4 by 5 by 24-in. bars of 1:2:4 
concrete show similar variations in the volume changes resulting 
from the use of different aggregates. The contractions at 420 
days for sandstone, trap rock and granite aggregates were re- 
spectively 0.066, 0.063 and 0.035 per cent. No data are presented 
to show the effect of gradation of the aggregates. Observations 
were begun at the age of two days, the specimens having 
previously been covered with wet burlap. 


The effect of various coarse aggregates upon the volume 
changes of 4 by 7 by 48-in. beams was determined by Hatt and 
Mills.®> The same type of sand was used as the fine aggregate for 
all beams. The average changes for 4 mixes ranging from 1:2:4 
to 1:3:6 are presented in Table 14. The specimens were cured 
under wet burlap for 17 days previous to the first air-drying 


— 
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period, after which they alternated between air-dry storage and 
immersion in water for periods shown in the table. 


TABLE 14 


EFFECT OF TYPE OF COARSE AGGREGATE UPON VOLUME CHANGES 
(HATT AND MILLS) 


Percentage Contraction | Percentage Expansion 
Coarse Aggregate 
Ist Drying | 2nd Drying | Ist Soaking |2nd Soaking 
Type Fineness | Period— | Period— | Period— | Period — 
Modulus | 182 Days | 255 Days | 130 Days | 106 Days 
Gravel...... 6.68 0.046 0.025 0.027 0.023 
SIVA Le onto 7.72 0.038 0.021 0.028 0.021 
Limestone .. 7.88 0.033 0.021 0.023 0.020 


These data agree with those of Tables 12 and 13.in showing a 
smaller volume change for limestone concrete than for any of the 
others, although other tests by Hatt and Mills show that the con- 
traction of a soft, porous limestone concrete may exceed that for a 
gravel concrete. It is significant that in Table 14 a greater length 
change is recorded for the first drying period than is found in any 
of the periods following. 


Raymond -E. Davis, in tests at the University of California, 
determined the effect of the type of aggregate upon the volume 
changes of 3 by 3 by 40-in. specimens of concrete made of a 1:2:3 
mix by volume and using a water-cement ratio of 0.90. For all 
of the specimens except those of gravel, the fine aggregate was 
obtained by crushing some of the coarse aggregate to the proper 
size. The gradation of the mixed aggregate was the same for all 
materials, its fineness modulus being 5.58. The results of the tests 
follow in Table 15. 


TABLE 15 
EFFECT OF TYPE OF AGGREGATE (DAVIS) 


Percentage Change in Three Months 


Aggregate 
oon Contraction in Air | Expansion in Water 
Gravel ee nee Pos ean saci tans 0.079 0.0074 
San GStOMe smears ears ei 0.075 0.0055 
NIGTIMMCStOTL OUR nets sere eieretes es 0.039 0.0050 
(Granites ett ee occ ione 0.037 0.0131 
(QTC, Scant ate re OE 0.036 0.0094 


420  JoURNAL OF THE AMERICAN ConcRETE InstTITUTE—Proceedings 


These results again demonstrate the small contraction of 
eranite and limestone concretes in comparison with similar gravel 
and sandstone concretes. The results also show that the magni- 
tude of expansion of concrete in water is no indication of what the 
shrinkage will be when the concrete is exposed to dry air, the 
granite and quartz concretes expanding the most in water yet 
contracting the least in air. 

The fact that mortar mixes of a given cement ratio are subject 
to greater volume change than concrete mixes of the same cement 
ratio (see Tables 8 and 11) has given rise to the general impression 
that the changes in length of mortar and concrete specimens vary 
directly with the fineness of the aggregate. This appears to be 
further substantiated by the tests of Chapman, described 
previously, in which the removal from the conglomerate screen- 
ings of the material passing the 20-mesh sieve, reduced the con- 
traction in air from 0.21 to 0.18 per cent. 

Certain tests by Hatt® were conducted to determine the effect 
of the gradation and character of the coarse aggregate upon the 
volume changes of 4 by 7 by 28-in. specimens of a 1:2:3 mix 
stored 14 days under wet burlap followed by 399 days in air and 
185 days in water. The same kind of sand (a well-graded, 
washed aggregate having a fineness modulus of 3.50) was used 
for all specimens, but the coarse aggregate for one series of bars 
was a soft limestone, while gravel was used for a second series. 
Three groups of specimens were made from different gradations 
of these coarse aggregates. The results presented in Table 16 
showing the effect of these three gradations of coarse aggregates 
are the averages for the two types of aggregates used. It will be 
noted that all changes are greatest for the mix of finest gradation 
and that the permanent shrinkage after re-immersion is also 
greatest for that mix. It would have been of special interest to 
have determined the effect of variation in gradation of the fine 
ageregate also. 

In order to determine the effect of the finer particles of a 
granite aggregate upon shrinkage and expansion, Davis and 
Troxell®® conducted two series of tests upon 3 by 3 by 40-in. 
specimens for which the aggregate was composed entirely of 
granite under 34-in, in size. For both series the water-cement 
ratio was 1.0, For the first series the cement ratio was kept con- 
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TABLE 16 
EFFECT OF GRADATION OF COARSE AGGREGATE (HATT) 


Length Change in Per Cent 
Large Fineness Final 
Aggregate | Modulus | 14 Days Wet | 399 Days in |185 Days in| Permanent 
Burlap Air Water Shrinkage 
Coarse. ... Mss +0.0040 —0.055 +0.038 —0.012 
Medium... 6.70 +0.0048 —0.065 +0.040 —0.020 
Fines.< su. 6.25 +0.0048 —0.067 +0.041 —0.022 


stant, the mix being 1:4 and the slump varying from 4 to 6 in. 
depending upon the percentage of fine material. In the second 
series, the slump was kept constant at 3 in., the mix varying from 
1:4.5 to 1:5.2 depending upon the per cent of fine material. 
There were three groups within each series, the percentage of the 
fine aggregate passing the 100-mesh sieve for the three groups 
being 0.0, 6 and 25 per cent. For all mixes, the volumetric ratio 
of fine to coarse aggregate was 2 to 3. After 4 days curing under 
wet sacks, all specimens were stored in air for 2 weeks, oven-dried, 
immersed in water for 1 year, stored in air for 5 months, oven- 
dried a second time and then stored in air for 9 months. These 
tests disclosed that the percentage of fines had no marked in- 
fluence either upon the magnitude of the shrinkage in the oven- 
dry state or upon the magnitude of the expansion after the pro- 
longed period of immersion. 


4, Effect of Admixtures of Lime, Clay, Etc.—The influence of 
lime admixtures upon the expansion of 4 by 4 by 24-in. bars of 1:5 
(by weight) bank-run gravel concrete and of 1:5 bank-sand 
mortar caused by immersion for 24 hours subsequent to about 7 
weeks in air was the subject of a report by Scofield and Stinch- 
field.22 For each series, the amount of lime was varied from 0 to 
15 per cent of the cement by weight. The expansions observed 
in the concrete series for 0.0, 7.5 and 15 per cent of lime were 
0.017, 0.018 and 0.020 per cent respectively. The bars of the 
mortar series containing 0.0, 7.5 and 15 per cent of lime expanded 
0.019, 0.022 and 0.022 per cent respectively. These results 
indicate that the lime admixture had no appreciable effect upon 
the resulting expansions. The kind of lime is not reported. 
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Davis and Troxell® also investigated the volume changes of 
cement-lime mortar bars 3 by 3 by 40-in. in length. For all 
specimens the basic mix was one volume of portland cement to 3 
volumes of a fine river sand. To the basic mix were added various 
percentages of high calcium hydrated lime, so that for the 5 
groups of specimens, the lime content varied from zero on the one 
hand up to a volume equal to that of the cement on the other. 
The consistency of all the mortars was such as to produce a slump 
of about 5-in. At the end of 28 months storage in dry air, the 
total shrinkage of the various groups varied from 0.15 to 0.16 per 
cent. There was no evidence that the addition of the lime to the 
basic cement-mortar mix appreciably altered the shrinkage, 
though the contraction was least for the plain cement mortar. 

Some bars of each of the 5 groups of the preceding series were 
immersed in water after 7 months air storage. Within 20 hours 
after immersion the bars had recovered about one-half the total 
shrinkage that had developed during the preceding 7 months in 
air. After all changes had ceased, there was still a net shrinkage 
of from 0.04 to 0.06 per cent or about one-third that which took 
place in air prior to immersion. The expansion following im- 
mersion was greatest for the mortar with largest lime content and, 
in general, least for the mortar without lime; but the difference 
was not large and there is lack of consistency in this respect when 
all groups are considered. 

Table 17 presents the results of a second series of tests by Davis 
and Troxell. The 1:3 and 1:5 mortars proportioned by volume 
included various admixtures but were all of the same consistency 
as measured by a flow table. The percentage by weight of 
hydrated high magnesium lime and of clay shown in Table 17 re- 
placed a corresponding weight of cement—that is, they were not 
additional to the regular 1:3 or 1:5 mix. One group of specimens 
for each mix was cast in absorbent wooden molds which were 
removed after 48 hours, a second group was cast in absorbent 
burned clay molds which were likewise removed after 48 hours, 
while a third group was cast in absorbent burned clay molds 
which were permanently left on. All specimens were con- 
tinuously stored in dry air for 375 days. A study of the tabulated 
data for the specimens with molds removed shows that the re- 
placement of 10 per cent of the cement by hydrated high mag 
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nesian lime reduces the contraction somewhat; whereas the re- 
placement by clay increases the contraction as does also the use 


of a so-called plastic, waterproof cement. 


The effect of the 


absorption of the mold is to reduce the shrinkage materially. 


TABLE 17 
EFFECT OF ADMIXTURES AND SURROUNDING MEDIUM (DAVIS AND TROXELL) 


Percentage Contraction, 375 Days in 
Air 
Non- Absorbent | Absorbent 
Mortar Absorbent |Burned Clay|Burned Clay 
Wood Molds} Molds Molds 
Removed | Removed Left On 
BAIA (SEX y. eee aps airs kis, Se 0.119 0.102 0.072 
10 per cent clay in 1:5.mix.......... 0.092 0.109 0.087 
10 per cent hydrated lime in 1:3 mix.. 0.106 0.094 0.080 
10 per cent clay in 1:3 mix.......... 0.133 0.122 0.095 
papercenticlay in 1:3 mirxuerase 2 oe 0.135 0.114 0.085 
Plastic cement I:3'mIx. 3,026 54.05--. 0.153 0.134 0.096 


Tests by White“ and by Davis and Troxell*® indicate that the 
use of integral waterproofing compounds (at least those in- 
vestigated) does not aid in reducing the volume changes resulting 
from alternate wetting and drying of cement mortars. 

5. Effect of Consistency of Miz—Davis and Troxell report two 
series of tests In progress—one series for mortars and one for 
concretes—to determine the effect of quantity of mixing water 
upon volume changes. The observations began at the age of 
about 2 days. The test results presented in Tables 18 and 19 
show that for air storage the wet, rich mixes contract more than 
the dry ones, but the effect upon the lean mixes is much less pro- 
nounced. For the specimens in water storage, the dry mixes in 
general expand the most, although the lean mixes show but little 
variation for the various consistencies. 

The tests by Goldbeck and Jackson*® to ascertain the effect of 
consistency of the mix upon the contraction in air showed prac- 
tically no difference due to this factor. Their tests were made on 
very wet and very dry mixes of 1:2:4 and 1:3:6 concrete at ages 
up to 800 days. 

MeMillan2’ obtained different results for air storage. Specimens 
4 by 5 by 24 inches in length were made of 1:2:4 concrete of four 
consistencies, the water content ranging from 7.75 to 10.0 per 
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TABLE 18 
EFFECT OF WATER RATIO ON CONCRETES (DAVIS AND TROXELL) 


Percentage Change in 3 Months 
Concrete Water eee 
Mix Cement Expansion Contraction 
Ratio in Water in Ai 
1:4 0.98 0.0184 0.068 
NOs 0.0204 0.072 
1.16 0.0165 0.080 
1:6 0.98 0.019 0.064 
LOG 0.019 0.064 
1.16 0.018 0.069 


TABLE 19 
EFFECT OF WATER RATIO ON MORTARS (DAVIS AND TROXELL) 


Percentage Change in 3 Months 


Mortar Slump Expansion Contraction 
Mix Inches in Water in Air 
162 0 0.036 0.105 

2 0.024 0.110 

f 0.023 0.138 

1:6 0 0.014 0.078 
24% 0.016 0.085 

9 0.013 0.082 


cent. All specimens were cured two weeks under wet burlap and 
were then stored in dry air. At 430 days, the shrinkage varied 
directly with the amount of water used in the mix and ranged 
from 0.055 to 0.063 per cent. 


6. Effect of Moisture Conditions—Most of the early investiga- 
tions of volume changes of cement were made as a part of the 
soundness or constancy of volume test. They were generally 
made upon neat cement or a rich mortar and were usually im- 
mersed in water, oftentimes at a high temperature. The tests 
were later extended to cover air storage and include concretes as 
well as mortars. Storage conditions for volume change tests may 
include immersion in hot or cold water, a covering of wet burlap 
or damp sand, dry or moist air, all at various temperatures. 
However, in recent carefully conducted tests, the temperature 
and moisture conditions have been accurately controlled in order 
to eliminate any uncertainties of test conditions. 
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Many of the tests discussed earlier in this review (see Tables 
2,6, 7, 8,9, 12, 14, 15, 16, 18 and 19) show conclusively the effect 
of conditions of storage upon the resulting length changes, con- 
traction occurring in dry air and expansion in water. The action 
of concrete in damp air depends upon the dryness of the specimen 
at the time of the test; if dry it will expand and if wet it will con- 
tract. The results of various measurements, therefore, are indi- 
eative of ranges for a particular condition and so cannot be 
applied directly to any other specified case. 

Tables 9 and 14 summarizing tests by Hatt®> show that the 
previous exposure and the resulting condition of the specimen 
influence the later changes. The first change of mortars or con- 
crete from wet to dry was always found to be greater than the 
subsequent changes. This same effect was observed by Davis 
and Troxell®* in connection with tests of gravel and granite con- 
cretes, and also by Goldbeck and Jackson.*® 

However, White! found that for neat cement and rich mortar 
bars, there appeared to be a progressive growth of the specimen 
due to alternating the wet and dry storage conditions. He ex- 
plains this by stating that thorough drying of the specimen opens 
up certain passages through the mass due to shrinkage and that 
the water may penetrate more deeply into the cement grains 
upon re-immersion and that therefore a greater length than the 
original immersed length obtains. It is quite probable, however, 
that very fine cracks develop in the bar due to the excessive drying 
and that particles of dust which may enter the cracks may cause 
a wedging action upon soaking and hence increase the length of 
the specimen. White” states that the length of a bar which has 
passed through a cycle of drying and wetting is not usually the 
same as it was before the cycle, but it may be longer or shorter 
depending upon the actual treatment received. 

Tests have been made by some investigators to determine the 
effect of the initial curing upon the later volume changes which 
occur while the concrete dries out. Goldbeck and Jackson cast 
specimens of 1:2:4 and 1:3:6 mixes and of both wet and dry con- 
sistencies. Some of these specimens were placed in dry air 
immediately whereas others were first carefully cured in water for 
14 days previous to exposure to the dry air. These tests disclosed 
but slight benefit resulting from the water-curing period, as the 
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rich and lean mixes so treated contracted 0.063 and 0.055 per 
cent respectively whereas the corresponding specimens dried 
immediately upon casting contracted 0.065 and 0.060 per cent. 
Immersion for a period of six months also failed to reduce the 
later contraction resulting from air drying. 


MeMillan?’ also concluded that damp curing of the concrete 
has no effect upon the contraction resulting from long storage in 
dry air. He prepared 4 by 5 by 48-in. specimens of 1:2:4 concrete 
containing 0.3 per cent of reinforcement. All specimens were 
cured under wet burlap for three days after which one was left 
uncovered, a second was alternately wet and covered but was 
finally left uncovered after 180 days, while a third was kept wet 
for 12 weeks and was then uncovered. The first shrank the most 
rapidly, the second contracted less rapidly and the third shrank 
the least rapidly. However, after one year all of the specimens 
had contracted the same amount (0.08 per cent), thus showing 
that the ultimate total shrinkage resulting from air drying is 
independent of the method of curing. 


Morsch® found for 1:3 mortar bars that the length of the initial 
period of water curing affected the final net contraction resulting 
from exposure to dry air based upon an initial observation of 
length at the time the specimen was cast. The specimens were 
immersed in water for 0, 7, 28, 90 and 196 days and were then 
allowed to dry in the air until they were 4 years old. The results 
are shown in Table 20. 


TABLE 20 
EFFECT OF MOIST CURING ON AIR SHRINKAGE (MORSCH) 


Percentage Volume Change 


Water 
Curing, Expansion in Final Contraction | Actual Contraction, 
in Days Water in Air Wet Cured Length 
to Dry 

0 —0.032 —0.032 

7 +0.010 —0.028 —0.038 

28 +0.017 —0.022 —0.039 

90 +0.027 —0.004 —0.031 

196 +0.032 +0.004 —0.028 


The actual contraction shown in the last column is that which 
occurred between the time of reaching the maximum expansion 
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shown in column two and the final observation at the age of 4 
years. 

The above data seem to show that the actual contraction of 
mortar after the period of curing is more or less independent of 
the magnitude of the previous expansion resulting from curing 
in water and indicate that the final contraction (based upon the 
original length) is inversely related to the expansion developed 
by the water curing; that is, those which expand the most 
during curing, develop the lesser net contraction in air. 

Hatt” states that the careful curing of concrete beginning at 
an early age will postpone the period of surface shrinkage until 
the concrete has attained sufficient strength to take up this 
shrinkage without experiencing cracks. Evidence also indicates 
that the presence of small amounts of reinforcement near the 
surface will preserve the integrity of the surface of concrete under 
favorable curing conditions. 

For thoroughly dried concrete bars, Davis and Troxell®* found 
that air of high relative humidity was nearly as effective in 
producing expansion as was immersion in water. 

Goldbeck and Jackson*® found that the contraction of concrete 
in dry air could be effectively reduced by coating the concrete 
with tar so that the contained moisture might not escape. Blocks 
of 1:2:4 concrete 8 by 8 by 60 in. in length were water-cured for 
13 days at which time their expansion amounted to 0.004 per 
cent. The specimens were then air dried for one day, after which 
they were coated with tar. The bars continued to increase in 
length reaching an expansion of 0.006 per cent at 30 days. Con- 
traction then began and amounted to 0.003 per cent at 210 days 
whereas for a specimen without the tar coating the normal con- 
traction would have amounted to 15 or 20 times as much. 

7. Effect of Age at Time of First Measurement—The first 
measurement to determine the volume changes occurring in 
cement mortars and concretes has ordinarily been made after the 
specimen has acquired sufficient strength and rigidity so that it 
may be safely handled, usually at the age of one or two days. 
Since mortars and concretes expand when stored in water and 
contract when stored in air it appears possible that if the proper 
amount of moisture is supplied, no change in length will occur. 
Curing under damp burlap is an attempt to furnish just enough 
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moisture so that this condition will be realized—how closely is 
problematical. However, the friction of the forms of a small test 
specimen offer considerable resistance to any change of volume 
so that it is questionable if in the usual laboratory test any 
appreciable volume change occurs prior to the removal of the 
molds at the age of one or two days, provided that no considerable 
moisture is added or taken away from the mass. 


Tests made by J. C. Pearson*! at the Bureau of Standards in 
1921 were designed to determine the volume changes in mortar 
mixes from the time that the 1 by 4 by 24-in. specimens were 
molded. Although an attempt was made to eliminate the re- 
sistance of the forms to volume changes in the mortars, it is 
questionable whether the specimens were perfectly free to move. 
The experiments indicated either moderate expansion or contrac- 
tion for the first 4 hours while the mortars were still plastic. 
During the initial set, a pronounced contraction usually resulted 
but the rate of shrinkage was reduced at 8 to 10 hours during the 
time of final set. Very little change occurred from 12 to 24 hours 
but thereafter a long continued shrinkage began, the various 
cements showing about the same rate of change after 24 hours, 
although the difference up to that time was marked. Table 11 
shows the total contractions at the age of 64 days for several 
mixes cast on non-absorbent bases. Undoubtedly a large part of 
the 24-hour contractions observed by Pearson were caused by loss 
of moisture due to evaporation. Pearson concluded that the 
initial volume changes could be reduced and controlled within 
fairly close limits by taking the necessary precautions. 


Graf®* also investigated the magnitude of the early volume 
changes in cement mortars stored in air. The material was cast 
in the form of discs 15 mm. thick and 150 mm. in diameter placed 
on oiled paper. Movements were observed with a micrometer 
microscope. He observed rather large contractions during the 
first 9 hours (particularly for the rich mixes) in comparison with 
the later changes, but the thinness of his specimens must be 
considered in the interpretation of his test data. Some of Graf’s 
results are shown in Table 21. The last column gives the shrink- 
age at 28 days, based upon an initial observation at 24 hours. 
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TABLE 21 
SHRINKAGE OF THIN Discs (GRAF) 


Percentage Contraction in Air 


Mix 0 to 9 Hours | 0 to 7 Days | 1 to 28 Days 
INentacemente re. ve beck 0.42 ON52, 0.13 
NPAEIMNOTUAT Mate ee aes ces 0.32 0.38 0.08 
He ASNOT FAT Ro treatin watts eet te aoe 0.05 0.13 0.07 


8. Effect of Duration of Test—Expansion or contraction con- 
tinues for an extended period although for constant conditions of 
storage the change in length after a year or two is small in com- 
parison with that developed previously. The variation in re- 
ported results is partially due to many tests not being continued 
long enough for volumetric equilibrium to be reached. The effect 
of the duration of the test upon volume changes of 1 by 1 by 4-in. 
neat cement bars has been investigated by White," with the re- 
sults shown in Table 22. 


TABLE 22 
EFFECT OF THE DURATION OF TEST ON VOLUME CHANGES (WHITE) 


Percentage Change in Length 
Duration of Test Under Water In Air 
TEAS Wea ee Rae Noes ee eh cya eter os +0.030 —0.085 
Dy TRAVOS OW OY chp: OG SES oc Re ine ee ar Oe caer ee +0.080 —(). 225 
OMMOMLOS reer aces atta ncaa ere kee ona +0.090 —0. 285 
TESST ys econ aca Chem corer ei rp +0.100 —0.303 
ISSN ASIN 2 cath crt ee Ree CP OIOS AUR RENE eae +0. 144 —0.381 
HOpy Catster teens ee eee s icone +0. 162 —0.410 
Dey Catcher rere te vere gat s ios geroriaesnsio.s » +0.161 —0.427* 


*Air dried by Calcium chloride. 


Tests conducted by White 4 and others show that up to ages of 
at least 20 years mortars and concretes still respond quickly to a 
variation in moisture conditions, although the rate of change in 
length may not be quite as great as for a freshly cast specimen. 

9. Effect of Size and Shape of Specimen—As the size and shape 
of the specimen have a marked effect upon the rate of loss of 
moisture upon exposure to dry air or upon the gain of moisture 
upon immersion, it is evident that these factors will exert their 
influence upon the rate of volume change as well as upon the total 
expansion or contraction. There is also greater likelihood of un- 
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equal distribution of moisture in large, thick specimens than in 
thin ones. The frictional restraint of the forms, the bending of 
the specimen on its supports during observation and the relative 
precision of the measurement all depend upon the type of speci- 
men. Moreover, the size of the specimen will affect the formation 
of surface cracks which will have considerable influence upon 
subsequent volume changes. The specimens in the investigations 
here considered range in size from 5-in. cubes to prisms varying 
from 1 by 1 by 4 in. to 8 by 8 by 108 in.; consequently the results 
are not directly comparable. 

10. Effect of Method of Mixing and Placing and Absorptiveness 
of Forms—It is conceivable that any factor affecting the porosity 
of the mass might exert some influence upon the absorption or 
loss of moisture taking place with time and thus modify the re- 
sulting volume changes. 

McMillan?’ observed that small variations in density of the mix 
made no appreciable difference in the volume changes. 


Pearson** has determined that absorptive forms will greatly 
reduce the shrinkage of mortar specimens. As shown in Table 11, 
the total normal shrinkage (including the plastic shrinkage) for 
the specimens cast on non-absorptive bases may be reduced on the 
average from 25 to 50 per cent by the use of a dry or damp ab- 
sorptive base. 


Tests by Davis and Troxell®® (see Table 17) likewise show a 
contraction about 15 per cent less for 1:3 mortars cast in ab- 
sorbent molds than for similar mortars cast in non-absorbent 
molds. The first observations for these tests were made at the 
age of 2 days, all bars being covered by damp sacks up to that 
time. 

Graf** reports that cast iron ends in the molds decreased the 
normal contraction of the mortar. 


ll. Effect of Amount and Distribution of Reinforcement.—Steel 
reinforcement decreases the expansion and contraction of mortar 
and concretes. When shrinkage occurs in an unrestrained rein- 
forced structure, compressive stresses are developed in the steel 
and tensile stresses are set up in the concrete. Upon expansion 


of the mass, tension exists in the steel and compression in the 
concrete. 
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Considére,’ in 1899, reported the behavior of small bars of neat 
cement and of 1:2.5 mortar. The prisms were 1 by 2.4 by 24 in. 
Half of them were reinforced with a round steel bar 0.4 in. in 
diameter. The measurements extended over a period of 63 days 
and at the close of the period showed the following changes: 


TABLE 23 
EFFECT OF REINFORCEMENT (CONSIDERE) 


Per Cent Change in Length 
Type of Specimen In Water In Air 
Neat cement, not reinforced............. +0.079 —0.132 
Neat cement, reinforced................ +0.022 —0.025 
Mortar not reinforced. 26:5 ...0...-2.- +0.028 —0.050 
Mortar eremionceG «wer ince eee tae +0.006 —0.010 


Matsumoto* conducted 3 sets of tests upon 1:2:4 reinforced 
concrete to determine the effect of steel reinforcement upon the 
contraction and to determine the shrinkage stresses developed in 
the steel and concrete. For Series 1, the specimens were 2 by 3 
by 24 in., the reinforced specimens having 2 longitudinal steel 
bars symmetrically placed. They were stored 22 days in air 
followed by 13 days in an oven at 150° F. For Series 2, the 
specimens were 6 by 6 by 24 in., the reinforced specimens having 
4 steel bars, one near each corner. They were stored 99 days in 
air. The specimens of Series 3 were similar to those of Series 2 
except that slippage of the bars was prevented by lugs welded to 
the reinforcement. The data presented in Table 24 show that the 
contraction is materially reduced by the introduction of steel 
bars into the mass, but high tensile stresses are developed in the 
concrete, the more the reinforcement, the greater the stress in the 
concrete. In fact, further drying of the bars in an oven at 200° F. 
caused such high tensile stresses in the concrete that cracks re- 
~ resulted. 

It is shown by Matsumoto’s tests that, in reinforced concrete, 
the shrinkage stress in the steel may reach the safe working stress 
if there is less than 1.5 per cent of steel and that the shrinkage 
stress in 1:2:4 concrete may exceed the ultimate tensile strength 
of the concrete if the reinforcement exceeds 1.5 per cent. 

Experimental studies were conducted by Bach and Graf" on 
bars 62 sq. in. in section and 39 in. long made of a 1:3:2 mix, 4 
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TABLE 24 
EFFECT OF REINFORCEMENT (MATSUMOTO) 


Shrinkage Stress, Ib./sq. in. 
Series Percentage Percentage | Steel, Comp. Concrete, 
Reinforcement | Contraction Tension 
1 0.00 0.061 0 0 
3.68 0.017 5,400 190 
6.54 0.012 3,500 240 
2 0.00 0.064 0 0 
0.55 0.054 16,400 90 
123 0.042 12,500 150 
2.18 0.029 8,500 190 
3 0.00 0.064_ 0) 0 
0.55 0.054 19,000 100 
123 0.042 15,500 200 
2.18 0.029 12,000 250 


bars being of plain concrete while 4 others were each reinforced 
with one steel bar having a cross-sectional area of 0.49 sq. in. All 
bars were cured several days under wet cloths. Two bars of each 
group were then stored continuously in air, and the remaining 
bars were stored in water. The changes after six years were very 
slight but the observations were continued for 1214 years at the 
end of which time the length changes were as follows: 


TABLE 244 
EFFECT OF REINFORCEMENT (BACH AND GRAF) 


Percentage Change 


Type of Specimen Expansion Contraction 
in Water in Air 
Plaimeconcreten ae ee eee 0.020 0.052 
Reinforced concrete................ 0.009 0.022 


In connection with studies of concrete experimental highways, 
J. T. Pauls*® observed that “with a high percentage of continuous 
steel, relatively fine, closely spaced cracks may be looked for; with 
a low percentage, breaks in the steel may be expected to permit 
wider cracks to form at considerable intervals. There is possible 
danger in the use of too high a percentage of longitudinal steel, 
for under such conditions, numerous fine traverse cracks will 
develop and there is the possibility that the narrow transverse 
beams thus formed will crack under traffic.”’ 
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Specimens of 1:2:4 gravel concrete, prepared by Goldbeck and 
Jackson*’, were reinforced with varying amounts of steel. The 
specimens were 8 by 8 by 60 in. After 6 months storage in dry 
air, bars of plain concrete had contracted 0.035 per cent; bars 
containing 0.6 and 1.2 per cent of reinforcement steel had con- 
tracted 0.02 per cent; whereas bars containing 1.8 per cent of re- 
inforcement contracted only 0.01 per cent. The theoretical 
tensile stresses in the concrete ran fairly high (750 pounds per 
square inch) but no cracks were visible in the concrete. It is 
probable that slow flow within the concrete took place under the 
extremely gradually applied load, making the induced tensile 
stresses very much smaller than the calculated amount. 

A series of 1:2 mortar beams 4 by 4 in. in section, some plain 
and some reinforced, with 0.33 per cent of mesh reinforcing, were 
observed for comparative shrinkage and the results are reported 
by Hatt.*7 One group of the specimens was stored under wet 
burlap while a second group was kept in a current of warm, dry 
air. The length changes at the age of 28 days were as follows: 


TABLE 248 ° 
EFFECT OF REINFORCEMENT (HATT) 


Per Cent Change in Length 


Storage Plain Reinforced 
Weetiourlapic reader sta eg es +0.011 +0.010 
HOrvealr wyeeician Gc pee ee as ae —0.045 —0.040 


VOLUME CHANGES DUE TO TEMPERATURE VARIATIONS 


It is frequently considered that the thermal coefficient of ex- 
pansion for concrete is not greatly different from that of carbon 
steel (0.0000065 per 1° F.), 0.0000055 per 1° F. being a commonly 
accepted value which is regarded as constant for all concretes 
within the ordinary ranges of temperature. Tests indicate, how- 
ever, that there is a wide range in the value of the coefficient. 
Table 25 includes the data of Keller® as well as the results of a 
review by Shitkewitsch!® regarding the coefficient of expansion 
of various cement mortars, concretes and other building stones. 


Rudeloff and Sieglerschmidt!® state that the coefficient of 
expansion for concrete increases with its age for the first several 
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TABLE 25 
THERMAL COEFFICIENT OF EXPANSION 


Coefficient of 


Material Hapansioe for Authority 
eek 
Nea ticenlen tee ae ee oe ae ee 0.0000068 Meier 
INeatecementse= ce. see eee 0.0000081 Meier 
INeaticement. nee eae 0.0000079 Adie 
Neaticementcacic... tence eer 0. 0000059 Bouniceau 
Neat icementa sce se oe toes 0.0000076 | Hyatt 
Neat cement sera ste 0.0000078 | Hyatt 
iNest. cements. see tec ares 0. 0000070 Keller 
Is SuNlortarsieeksie tere. 0. 0000066 Bouniceau 
ele Nortaren se eee 0.0000061 Keller 
D2 MGrtarecc eee ee ee ere 0.0000056 Keller 
le4aMortars sve ee ae, 0.0000058 Keller 
TeGeVOrtarie cae are ee eee 0.0000051 Keller 
1 SuMortar they. 2 hoon ee 0.0000053 Keller 
1:2:4 Bedford Limestone concrete | 0.0000055 Pence 
1:2:4 Kankakee limestone concrete! 0.0000056 Pence 
Granitel(average)aa.. mee. see ee 0.0000045 Bone Adie, Hurst, 
ana é 
Limestone (average)............ 0.0000051 | Bouniceau, Dana, Pence 
Marble (averaze)s >). .9s200.25 5: 0.0000042 | Bouniceau, Adie, Ganot 
Sandstone (average)............ 0.0000069 | Haswell, Ganot, Dana,. 
Adie, Thurston 


months of its life but that for practical purposes an average value 
of 0.0000055 for 1° F. is sufficiently accurate. They report that 
concretes which had been very recently made offered some ex- 
ceptions to the above figure, samples of ages less than 9 days 
hardened under water showing contraction instead of expansion 
when heated to 50° C. All samples which had been in air ex- 
panded when heated, as did also those kept more than 9 days in 
water. 

Tests by Rae and Dougherty® at Columbia University on 
specimens 4 by 4 by 36 in. made of a 1:2 mortar mix and of a 
1:3:5 gravel concrete mix at the age of 514 years gave a value of 
0.0000056 per 1° F. for the mortar specimens and 0.0000065 per 
1° F. for the concrete bars. 


Pence® determined the coefficients for 1:2:4 mixes of broken 
limestone and gravel concrete, the specimens being 4 in. in 
diameter and 3 ft. long. A temperature range of 65° F. was 
produced by placing the specimens in a steel cylinder and then 
introducing steam so that it is possible that some expansion was 
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produced by moisture of the steam. The coefficient per degree 
Fahrenheit for the limestone concrete ranged from 0.0000052 to 
_0.0000057 while the gravel concrete averaged 0.0000054. A 
specimen of Kankakee limestone gave a value of 0.0000056. 

Mills,*! in 1916, made tests to determine the thermal expansion 
of 2 by 4 by 8-in. specimens. The age of the test pieces ranged 
from 1 to 8 months and the temperature within the electric oven 
in which the specimens were heated ranged from about 70° F. to 
212° F. The coefficient ranged from 0.0000078 for neat cement 
to 0.0000058 for 1:5 mortar. For concrete it ranged from 
0.0000068 for a 1:1.5:3 mix to 0.0000054 for a 1:3:6 mix. These 
tests indicate that the thermal coefficient of expansion of mortars 
and concretes increases with the richness of the mix but that the 
range of values between a very lean concrete and neat cement is 
comparatively small. 

The variation in the coefficient for various neat cements is 
shown in Table 26 which summarizes the results of tests by 
Hatt. It will be noted that the coefficients for the wet speci- 
mens tested at 2 months are in general lower than for the dry 
specimens tested at 4 months, but the difference is small. 


TABLE 26 
THERMAL COEFFICIENT OF EXPANSION PBR 1°F. FOR VARIOUS NEAT CEMENTS 
(WATT) 
Brand of Cement Age, 4 Months in Air Age, 2 Months in Water 
Range, 50° F.-73° F. Range 52° F.-90° F. 
1 0.0000096 0. 0000094 
2 0.0000094 
3 0.0000092 0. 0000087 
4 0.0000090 
5 0.0000089 
6 0.0000083 
i 0.0000085 0.0000085 


Other results obtained by Hatt for concretes of various mixes, 
ages and storage conditions are presented in Table 27. For all 
groups the coefficient increased steadily with an increase in 
temperature. 

Tests by W. M. Wilson” of the effect of a temperature range 
from 0° to 85°F. upon a reinforced concrete arch bridge at the 
age of 3 years gave values from 0.0000046 to 0.0000052 per 1° F. 
for the ribs, and a value of 0.0000056 for the concrete deck. The 
type of aggregate and the cement ratio were not stated. 
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TABLE 27 
THERMAL COEFFICIENT OF EXPANSION OF CONCRETE (HATT) 


‘Temperature 
Group] Beams| Mix | Age in| Condition} Coefficient Range Range, 
Ins. Months Deg. F. 
1 |6x8x48]1:1144:3) 2 |Oven dry |0.0000040 to 0.0000062| 65° to 150° 
2 |4x7x48/1:2:3 2 |Wetim- |0.0000040 to 0.0000056| 45 to 95 
mersed 

3 |4x7x48/1:2:314| 9 |Airdry |0.0000045 to 0.0000057| 25 to 75 
4 |4x7x48}1:2:3 2 |Airdry |0.0000049 to 0.0000070| 20 to 95 


Comprehensive thermal expansion tests of concrete were con- 
ducted by Davis and Troxell at the University of California 
during 1927 and 1928. The first series of these tests was on 
concrete of a 1:4 mix, the aggregate consisting entirely of granite. 
Half of the 3 by 3 by 4-in. specimens were stored in water con- 
tinuously, and the remainder were cured for 28 days in damp sand 
and then stored in dry air thereafter. The temperature range 
for the tests was from 39° to 125° F. The data of Table 28 show 
that there is no marked variation in the coefficient with age or 
moisture condition. The variation with temperature was also 
insignificant. It is worthy of note that the observed coefficients 
are only about two-thirds of the value commonly assumed, al- 
though these low values seem logical in view of the low coefficient 
of thermal expansion of granite itself. 


TABLE 28 
THERMAL EXPANSION OF 1:4 GRANITE CONCRETE (DAVIS AND TROXELL) 


Coefficient of Thermal Expansion per 1° F. 


Condition At Age of 7 Weeks At Age of 4 Months 
Immersed in water......... 0.0000045 0.0000041 


In-dryalten tee. eee | 0. 0000038 0. 0000039 


A second series of tests by Davis and Troxell included both 
mortars and concretes in both 1:3 and 1:8 mixes (by weight). 
The aggregate was a graded sand for the mortar tests and a 
graded gravel for the concrete. Two consistencies as represented 
by volumetric water-cement ratios of 1.31 and 1.89 were used. 
Half of the specimens in each group were kept wet continuously, 
and the remaining specimens were moist-cured for 10 days and 


Volume Changes in Concrete 437 


thereafter stored in dry air. Tests were run at the ages of about 
six weeks and four months, the temperature ranging from 40° to 
130° F. Observations were made for both increasing and de- 
creasing temperatures so as to eliminate errors due to possible 
moisture changes of the dry specimens. The results of these 
tests are shown in Table 29. From a study of this tabulation it 
may be observed that the coefficient for wet storage is slightly 
greater than that for dry storage but there is practically no varia- 
tion between the different consistencies, ages or mixes. The 
coefficients were quite constant throughout the entire temperature 
range. 


TABLE 29 
THERMAL EXPANSION OF MORTARS AND CONCRETES (DAVIS AND TROXELL) 


Average for 
Mortar Mixes | Concrete Mixes} Mortar and 
Concrete Mixes 

Wietstorage wy oes tu cmcie acs 0. 00000476 6.00000495 0.00000486 
WO RVASLOTAGE Nelean cds 5 oe ae 0.00000468 0.00000443 0.00000455 
1.31 Water-cement ratio...| 0.00000472 0.00000475 0.00000474 
1.89 Water-cement ratio...| 0.00000473 0.00000466 0.00000470 
FANG WEEKS rretin nas wit oe: 0.00000479 0.00000473 0.00000476 
Age 4 months.............| 0.00000470 0. 00000469 0.00000470 
AP SUNT ROR eee ope nc ake 0.00000478 0.00000462 0.00000470 
UE QUIVEIKa tes aces eatene scone 52 0.00000459 0.00000481 0.00000470 


For a third series of tests by Davis and Troxell, six groups of 
specimens were made. The specimens of the first group were of 
gravel concrete, using three cement ratios (1:3, 1:414 and 1:6 by 
weight) and both a 2-in. and 6-in. slump for each richness of mix. 
Each of the 5 remaining groups of specimens in this series was 
made of a different aggregate, each aggregate having the same 
gradation as the gravel of the first group. The aggregates used 
were quartz sandstone, granite, basalt and limestone, each of 
these being used in a 1:414 mix with a 2-in. slump. All of the 
bars were damp-cured for 16 days after which they were stored in 
air. After observing their coefficient of thermal expansion be- 
tween 50° and 130° F., at the age of 9 weeks, half of the specimens 
of each group were stored in dry air at 70° F., while the remaining 
bars were subjected to 100 cycles of temperature ranging from 15° 
to 130° F., after which all of the specimens were again observed 
for their coefficient of thermal expansion to determine how the 
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alternating temperatures had affected the values in comparison 
with the coefficients for the specimens stored at constant tem- 
perature. The results of this series may be summarized as 
follows: 

The coefficient increases with the richness of the mix and is 
slightly greater for dry mixes than for wet ones as shown below 
for gravel concretes. 


TABLE 30 


COEFFICIENT OF THERMAL EXPANSION AS INFLUENCED BY RICHNESS OF MIX 
(DAVIS AND TROXELL) 


Thermal Coefficient of Expansion per 1° F. 


Mix 2-In. Slump 6-In. Slump 
B33 0. 00000644 0. 00000639 
AC Ae oe eee cs here ene 0.00000600 0. 00000581 
Gi ee eas cure Gre kee eee 0. 00000580 0. 00000556 


The coefficient varies quite markedly with the aggregate as 
is indicated by Table 31. 


TABLE 31 
EFFECT OF CHARACTER OF AGGREGATE UPON THERMAL EXPANSION (DAVIS AND 
TROXELL) 
Kind of Aggregate Coeff. of Exp. per 1° F. 
Qu arty. : cate elit partie: De ee ee 0.0000066 
SANGSCONE ela ¢ ss tos te ete ete ns 0.0000065 
Gravel ec, cao iolgg tix Pe ee eel en 0. 0000060 
Grantt@ioc? oi cscs,. octet eater ee eee 0.0000053 
Basalt Wea ad A eS e nackte ae ce ee ee 0.0000048 
Warmestonmes #50 i 7a (oye eee ee 0.0000038 


For the specimens stored at 70° F. the coefficient at 23 weeks 
averaged 3.5 per cent greater than the coefficient at 9 weeks. 

The 100 cycles of alternating temperatures decreased the co- 
efficient by 14.1 per cent from that which would have existed 
had the specimens been stored at 70° F. 

The coefficient of thermal expansion appears to be fairly con- 
stant for ordinary ranges of temperature. 

A fourth series of tests were conducted using high alumina 
cement and gravel aggregate in the proportions of 1:4.1, 1:5.1 and 
1:7.6 by weight. The mixes had a slump of 3 to 4 in. and the 
specimens were stored in dry air continuously. The coefficients 
determined over a temperature range from 39° F. to 133° F. at 


«in 
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the age of about 4 months, shown in Table 32, indicate how little 
influence has either the cement ratio or temperature. 


TABLE 32 


EFFECT OF TEMPERATURE AND RICHNESS OF MIX ON THERMAL EXPANSION OF 
ALUMINA CEMENT CONCRETE (DAVIS AND TROXELL) 


Coefficient of Exp. per 1° F. 
Mix Son LOM 2p tesla atomlOSsebalOscsto 1330) Es Average 


1:4.1 0.00000513 0. 00000548 0. 00000552 0.00000538 
1:5.1 0. 00000489 0.00000528 0. 00000502 0.00000506 
1:7.6 0. 00000510 0. 00000519 0. 00000520 0. 00000516 


0. 00000520 


The most important work on the effect of high temperatures 
upon the coefficient of thermal expansion of concrete was done 
by Norton” at the Massachusetts Institute of Technology in 1910 
on 6-in. and 10-in. cubes of 1:2:5 crushed stone concrete. These 
cubes were heated in an electric furnace until they had come 
completely to equilibrium at which time the changes were 
measured. The average results are given in Table 33. 


TABLE 33 
THERMAL EXPANSION AT HIGH TEMPERATURES (NORTON) 


Temperature, °F. Mean Coeff. per 1° F. 
2 SCORS OO Spee a rears awe aN ede nueee nave 0.0000045 to 0.0000060 
(ORCOMT D ORGR Trt a rene sitet ea hte (acces tse eee 0.0000050 to 0. 0000060 
OQ TEORIO OO Meare tenn. ec Gr ai os Soe rye ta me es 0.0000045 to 0.0000050 
OWN OO rammed tn agen toeciete pet enseenctsee’ 2 ace Sean ees 0.0000035 to 0.0000042 


The values obtained at low temperature agree very well with 
the commonly accepted value of 0.0000055 per degree Fahren- 
heit. Apparently the coefficient increased slightly up to 575° F., 
but became smaller at higher temperatures. At about 1500° F. 
the coefficient of expansion became zero and above that tem- 
perature took on a negative value. Further, the blocks heated to 
1500° F. did not return to their original dimensions on cooling 
but retained an elongation of about 75 per cent of their maximum 
elongation. On heating these blocks a second time no sensible 
permanent elongation was evident. 
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The effect of freezing neat cement and 1:3 mortar bars while 
wet has been investigated by White.2! As water expands about 


8.5 per cent while freezing, it was thought that some expansion — 


might result from the freezing of these bars, all of which were from 
3 to 6 years old. On the contrary, all of the bars contracted while 
freezing and at about the same rate as for higher and lower tem- 
perature ranges. After four successive freezings and thawings, 
the bars were entirely unaffected in length. 
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Readers are referred to the JouRNAL of June 1980 for discussion 
which may develop. Such discussion should reach the Secretary by 
May 1, 1930. 


SPECIFICATION FOR SUPPLYING, FABRICATING AND SET- 
TING REINFORCING STEEL ON ORDINARY BUILDINGS 


Proposed American Concrete Institute Specification No. 503 
(To be Used on Buildings Requiring Considerable Steel) 


BY WILLIAM F. ZABRISKIE,* AUTHOR-CHAIRMAN 
Committee 503—Fabricating and Settung Reinforcing Steel. 


To conform. to the ideas of the Advisory Committee to make 
Specification 503 a companion document to Specification 502 
(November JouRNAL) and to meet the plan of the Program 
Committee to make them available for discussion at the 26th 
annual convention, Committee 503 has done a great deal of work 
in acomparatively short time. The specification in original draft 
was submitted by the Author-Chairman, Mr. Zabriskie to the 
critic members, Messrs. R. L. Bertin, R . W. Johnson, A. R. 
Lord, W.S. McKenzie and W.S. Thomson. Messrs. Lord and 
Thomson working together in Chicago, Mr. McKenzie in touch 
with Mr. Zabriskie in Detroit and all in correspondence, 
effected a “meeting of minds” except in a very few details. The 
telegraph and long distance telephone brought the document 
to the stage of cold type, ready for pages at the printers. The 
last word before press time indicated, to the best of the Secretary’s 
knowledge and belief, a full agreement except possibly in three 
details in which revisions were suggested by Mr. Bertin.{ The 
whole matter will be open for discussion at the convention (and 
by letter until May 1) and this discussion will be recorded in 
this JOURNAL in June 1930.—EpITor. 


*Vice-President, General Manager Gabriel Steel Company, Detroit, Michigan. 


+ Mr. Bertin cited Ron conser ty. of provision for embedment of straight bars (Sec. 5a), 
with Sec. 902 (b) and 903 (b) of A. C. I. Tentative Building Regulations, and a ‘too restrictive 
limitation” in ‘“(b) Bent bars’’; he objected to provisions for ‘‘Spacers and Chairs” and in 

“5—Bar Lists and Bending Details”. He offers general objection to encroachments on design 
pensar: There will be opportunity to record these ideas more fully in discussion.— 

DITOR 
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TO THE USER 


THIs specification is intended for the use of Architects and 
Engineers, to be incorporated as a whole in the specification for 
particular structures by reference at the proper place in the type- 
written pages and to become a part of the contract in the usual 
manner. It is a companion piece to American Concrete Institute 
Specification No. 502, Concrete Work on Ordinary Buildings, and 
the two specifications used together in accordance with the word- 
ing suggested on Page 3 of the November JouRNAL OF THE 
AMERICAN ConcrETE INSTITUTE will cover the entire concrete 
work on ordinary buildings. This wording is repeated in the 
second paragraph below. 


In the preparation of this specification, the author has had the 
active criticism and co-operation of the critic members of the 
committee: W.S. McKenzie, Chief Engineer, Smith, Hinchman 
and Grylls, Detroit; W. S. Thomson, Chief Engineer, Kalman 
Steel Co., Chicago; R. W. Johnson, Engineer, Concrete Rein- 
forcing Steel Institute, Chicago; R. L. Bertin, Chief Engineer, 
White Construction Co., New York; and Arthur R. Lord, Presi- 
dent, Lord and Holinger, Engineers, Chicago. 


The following wording is suggested to be used in the Architect’s 
and Engineer’s typewritten specification for individual building: 


Specification for Concrete Work 

Name and Location of the Building 

Name and Address of Owner 

Name and Address of Architect or Engineer 


All plain and reinforced concrete work on this structure shall be done in 
strict accordance with Specifications Nos. 502 and 503 of the American Con- 
crete Institute, which are hereby made a part of these specifications and which 
will be made a part of the contract for this work. All the provisions of these 
two specifications shall be in full force and effect except as expressly modified 
or supplemented in the following special instructions for this structure. 

For this structure, the reinforcing steel furnished by this Contractor shall be 
Intermediate Grade New Billet Steel, Rail Steel (Strike out one) in accordance 
with Article 2 below. 

(Here incorporate any necessary clauses arising from unusual conditions 
surrounding the work to be done, as for example: quicksand or unusual water 
conditions; protection of existing construction; materials purchased or fur- 
nished by the Owner direct; early strength concrete; unusual chemical expos- 
ures to be safeguarded; maintenance of manufacturing operations during 
construction; concrete piles, caissons or tunnels; very deep basements; under- 
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pinning work; special grading or maximum size of aggregates with revised 
fineness modulus; admixtures; etc.; etc.) 


Wherever the words ‘‘Architect”’ or “Engineer” are used, they shall be con- 
strued to mean the Architect Engineer (Strike one out) only or his duly 
accredited representative on the work. 


1. GENERAL 


This Contractor shall furnish and place all straight and bent 
bars, stirrups, column ties, spirals, hanger bars, welded wire 
mesh, etc., required by the reinforced concrete work for this 
building or shown on the plans, together with all necessary in- 
serts, spacing devices and chairs, all properly tagged with zinc 
marking tags and all as specified hereinafter. 


2. MATERIAL 


Metal reinforcement in general shall conform to the require- 
ments of the “Standard Specifications for Billet Steel Reinforce- 
ment Bars” of Intermediate Grade (Serial Designation: A 15-14), 
or for ‘Rail Steel Concrete Reinforcement Bars’’ (Serial Designa- 
tion: A 16-14) of the American Society for Testing Materials. 
The provision in these specifications for machining deformed bars 
before testing shall be eliminated. 


Wire for welded mesh concrete reinforcement shall conform to 
the requirements of the ‘‘Standard Specifications for Cold Drawn 
Steel Wire for Concrete Reinforcement” (Serial Designation: 
A 82-27) of the American Society for Testing Materials. 


3. PLACING DRAWINGS 


This Contractor shall furnish complete erection drawings show- 
ing the location, position and identification mark of every re- 
inforcing member, spacer and chair required for the concrete 
work on this building, except as it may be specified elsewhere 
herein that such drawings will be furnished by the architect or 
engineer. These drawings shall afford the steel setter complete 
guidance and leave no doubts or discretion to him. They shall 
be drawn to a scale sufficiently large to make them easily read 
and on a size of sheet sufficiently small for easy handling on the 
job under ordinary weather conditions. Where the reinforcing 
steel is to be laid in a certain sequence of operations, as in flat 
slab construction, this sequence shall be plainly noted on these 
drawings. 
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4. BAR LISTS AND BENDING DETAILS 


This Contractor shall furnish the job with complete sets of 
bar and spiral lists and of bar, stirrup, tie, etc., bending details, 
as used in cutting and bending the steel in the shop. These lists 
and details shall show identification marks for the material 
corresponding with the marks on the placing drawings and with 
the zine tags on the materialitself. Plate lisa suggested form for 
such lists. 


5. GENERAL DETAILS 


Placing drawings and bar bending details shall follow the 
dimensions, notes, etc., on the structural drawings as prepared 
by the architect or engineer. In the absence of such information, 
the following rules shall be observed in detailing the reinforce- 
ment for this work. 


(a) Straight Bars in Beams and Slabs—Straight longitudinal 
bars used in beams, joists, ribs, slabs, etc., shall extend six inches 
into the support, but need not extend beyond the center of the 
support. 


(b) Bent Bars in Beams and Slabs—Truss bars in continuous 
construction of approximately equal spans and carrying uni- 
formly distributed loads, shall extend into the adjacent span to a 
point 0.225 of the clear span beyond the face of the support. On 
non-continuous ends, truss bars shall extend to within three 
inches of the outer face of the concrete. 

Where the ratio of over-all depth to clear span is not greater 
than one to ten, in.continuous beams and slabs of approximately 
equal spans and carrying uniformly distributed loads, the lower 
points of bend of truss bars shall be located at points approxi- 
mately one-fifth of the clear span from the face of the support and 
the angle of bend shall be approximately forty-five degrees. 

(c) Stirrwps—The out-to-out width of stirrups shall be three 
inches less than the width of the beam, if the beam is ten inches 
or more in width. The out-to-out width of loose stirrups shall be 
two inches less than the width of the beam, if the beam is less than 
ten inches wide. The out-to-out width of loose stirrups in the 
ribs of ribbed floor construction shall be one and one-half inches 
less than the least width of the rib. 
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(d) Column Bars—Column vertical bars shall extend from 
floor to floor plus a lap of twenty-four bar diameters, but not less 
than eighteen inches, for deformed bars; or plus a lap of thirty 
diameters, but not less than twenty-four inches for plain bars. 
Column bars for the top story shall stop at a point three inches 
below the top of roof slab. 

Column bars shall be detailed as bent bars on all faces where 
the face of the next column above in the same tier is offset two 
inches or more from the corresponding face of the column section 
being considered. 

(e) Column Ties—The out-to-out dimensions of column ties 
shall be four inches less than the corresponding outside dimen- 
sions of the column. 

(f) Column Spirals—Where less than four beams frame into 
a column at its top the spiral shall extend from the top of the 
lower floor slab to within three inches of the bottom of the floor 
slab above. Where four beams frame into a column at its top the 
spiral shall extend from the top of the lower slab to the underside 
of the shallowest of the four beams. 

In columns supporting flat slabs the spiral shall extend from 
the top of the lower floor slab to the underside of the drop panel 
above, or the underside of the floor slab above if no drop panel is 
used. 

The out-to-out diameter of spirals is to be three inches less than 
the outside dimension of columns except in the cases of columns 
exposed to the weather, in which case the spirals shall be four 
inches less than the outside diameter of the column. 

Column spirals shall be provided with not less than three 
spacers which shall be located at even intervals when the spiral 
_ is placed in the form. 

(g) Dowels—Dowels shall be at least forty-eight bar diameters 
but not less than thirty-six inches in length for deformed bars; 
or at least sixty bar diameters, but not less than forty-eight 
inches in length for plain bars. 

(h) Footing Bars—Footing bars shall extend to within three 
inches of the sides of the footing. 
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(i) Pins and Sleeves on Bending Equipmeni—For ordinary 
bending of slab or beam steel, the diameter of pin used shall be 
not less than four times the diameter of the material being 
fabricated. No pin smaller than three inches in diameter shall 
be used for this purpose. 

Semi-circular hooks shall be formed around a sleeve not less 
than six times the diameter of the bar in the case of intermediate 
grade billet steel, and eight times the diameter of the bar in the 
case of rail steel. 

Right angle bends in column ties and U-stirrups, not larger than 
one-half inch in diameter, and hooks at end of same, shall be 
formed around a pin not less than one and one-quarter inches in 
diameter, or around a die giving an equivalent curvature. 

(k) System of Marking—The marking of reinforcing steel shall 
be done by zine tags with embossed letters conforming to the 
standard tag-marking wheels, as given by the Code of Standard 
Practice of the Concrete reinforcing Steel Institute. 

6. BUNDLING AND TAGGING 


The reinforcing steel for this work shall be shipped to the job 
in standard bundles and tagged with embossed zine shipping and 
marking tags, prepared in accordance with the Code of Standard 
Practice of the Concrete Reinforcing Steel Institute, (Table 1). 
7. SHIPMENTS, HANDLING AND.STORAGE 


Where storage space at the job is limited, shipments shall be 
made so as to avoid confusion. Bundling and tagging shall be 
arranged to permit of the shipment of a portion of a floor only, if 
required, in accordance with a schedule to be agreed upon between 
the job and the shop. 

Reinforcing Steel shall be stored on the job in separate piles 
or racks and shall be kept separated at all times so as to avoid 
confusion or loss of identification after bundles are broken open. 
8. SPACERS AND CHAIRS 

Spacing devices, chairs, etc., shall be furnished and installed 
in accordance with the Code of Standard Practice of the Con- 
crete Reinforcing Steel Institute, (Plate 2). 

9. FIeLp PLACING 


All steel shall be placed in strict conformity with the require- 
ments of the engineering design drawings, both as to location, 
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TABLE I 


451 


Note—The following rules apply to carload and less than carload lots, ex- 
cept where differences is specifically set forth. 


(a) Weight of bundle: 


(b) Gauge of wrapping 
wire to be used: 

(c) Wrapping wires per 
undle: 


(d) Tag to be made of: 
(e) Number of tags on 
each bundle: 


(f) Information to be put 
on tag: 


(g) Information to be 


affixed to tag by: 


(h) Tags attached to 
bundles by: 


Straight Bars 
Bundles limited to one 
size and one length not 
to exceed 150 lbs. 
No. 12 or heavier. 


One wire every ten feet or 
fraction thereof with a 
minimum of two wires. 

Linen or rope for address. 


One address tag, 
identification tag. 


one 


Name of customer or 
order number. Number 
of pieces, size, length, 
mark if any. 

On less than carload lots 
the following should 
appear: Name and ad- 
dress of customer. 
Number pieces, size, 
length and markif any. 

On linen or rope tag: Tag 
addressing machine or 
Higgins waterproof ink. 
On Zine tag: Stencil 
press or embossing 
machine. 

Linen or rope tag to be 
attached by running 
bundling wire through 
eyelet before twisting. 
Zine tag to be tied to 
bar with No. 18 wire. 


Beni Bars 
150 Lbs. 


No. 12 or heavier. 


Not less than require- 
ments for straight 
bars. 

Linen or rope for ad- 
dress. Zinc for iden- 
tification. 

One address tag, at 
least two indentifi- 
cation tags. 

Linen or rope tag: 
Customer’s name or 
order number. Zinc 
tag: Mark. 

On less than carload 
lots customer’s name 
and address must 
appear on linen or 
rope tag and mark 
on zine tag. 

Same as straight bars. 


Same as straight bars. 


position and spacing of members, and also the thickness of con- 
crete protection afforded. 

All steel shall be supported and secured against displacement 
by the use of adequate and proper supporting and spacing devices, 
tie wires, etc., so that it will remain in its correct location in the 


finished structure. 


10. RE-BENDING AND CUTTING 
Re-bending of reinforcing steel on the job to make it fit the 
existing conditions shall only be done with the approval and under 
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the personal direction of the Architect or Engineer. Bars shall 
not be shortened or hooks cut off on the job, except under the 
approval and direction of the Architect or Engineer. 
11. Pick-up MAN 

A capable steel setter shall be present on the work at all times 
during the placing of concrete, to look after the reinforcing steel 
and to re-set properly any steel displaced by runways, workmen, 
or other causes. 


See appendiz, ‘Steel Setters’ Primer” p. 458. 


Readers are referred to the JOURNAL for June 1930 for discussion 
which may develop. Such discussion should reach the Secretary by 
May 1, 1930. ; 


STEEL SETTERS’ PRIMER 


Appendix, Report Committee 508, Fabricating and Setting 
Reinforcing Steel 


BY WILLIAM F. ZABRISKIE, * AUTHOR-CHAIRMAN 


This committee has done not only what it was asked to do but 
its Author-chairman, Mr. Zabriskie, feeling that the funda- 
mentals of steel reinforcing should be ‘got across’’ to the steel 
setter, has appended a further document: a “Steel Setters’ 
Primer.” A steel setter is a very necessary individual in whom 
a knowledge of reinforced concrete design 1s not considered 
necessary. Yet the integrity of the reinforced concrete depends 
not infrequently on the wmportance which he attaches to the 
accurate placing of steel. Mr. Zabriskie asks him to “picture 
where the member would be likely to break if no steel were pro- 
vided’ and helps him to conjure up the picture.—EnpiTor 


CoNCRETE is one of the most adaptable building materials we 
have to work with today. In addition to its great strength as a 
masonry material for walls and foundations, it can be used, when 
reinforced, for floors, roofs and other building members by the 
addition of reinforcing steel. The one property of plain concrete 
which limits its use is its low resistance to tensile or pulling stress 
in which property it is very much inferior to timber or steel. In 
general, reinforcing steel is supplied to overcome this deficiency. 
Except in those cases where reinforcing is used to assist the con- 
crete in carrying compression or pushing stresses, such as in 
columns or occasionally in other members, the steel setter will be 
guided by picturing where the member would be likely to break 
if no steel were provided. In simple members, experience with 
other materials will serve as a guide. At other points, the 


*Vice-President, General Manager, Gabriel Steel Co., Detroit. 
(455) 
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stresses may not be so fully understood and in order that the steel 
setter may have a better understanding of what duty the steel is 
called upon to fulfill, the following brief description is given of the 
more general units of construction in which reinforcing steel is 
required. 

FOOTINGS 

Reinforced concrete footings are generally of two types, spread 
footings and combined or beam footings. Spread footings are 
generally square and the steel usually occurs near the bottom of 
the lower block of the footing. It is generally installed in two 
layers at right angles to one another and raised far enough above 
the bottom of the excavation to permit complete embedment in 
the concrete. The purpose of a concrete footing is to distribute 
the load from the column to an area of ground sufficiently large so 
that it can safely sustain the load. The upward pressure of the 
soil against the bottom of the concrete footing has a tendency to 
cause the lower block of concrete to break off at approximately 
the edge of the upper block or the edge of the column. ‘This 
tendency of the concrete to break off is resisted by reinforcing 
steel placed near the bottom of the footing as previously de- 
scribed. 

In the case of a combined or beam footing, two or more columns 
are placed on a single footing which distributes the loads of all 
columns to the ground. In order to spread the load from the 
columns to the ground, the footing must act as a beam of sufficient 
strength so that the load applied to the soil will be as great be- 
tween the columns as it is under them. In this type, the principal 
steel is generally in the top of the footing between the columns 
and in the bottom of the footing under the columns. In wide 
footings there is frequently required steel at right angles to the 
length of the footing, placed in the bottom and near the columns 
to distribute the load across the footing and to prevent it from 
splitting longitudinally. Bent bars and stirrups are also fre- 
quently called for in beam footings to prevent the formation of 
cracks due to diagonal tension. This will be discussed more fully 
under the general subject of beams. 

In footings carrying reinforced concrete columns, dowel bars 
are usually provided. These bars form a splice with the column 
verticals and serve to transfer the load in the verticals to the 
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footing by means of bond with the concrete. In the case of 
square spread footings with two steps, these dowels are generally 
placed in the upper block only, but where the bars are large and 
the upper block is shallow, it may be necessary to extend them 
into the lower block. In setting a dowel, it should be remembered 
that there should be practically the same length of dowel im- 
bedded in the concrete below the joint as there is projecting 
above the joint. Dowels should be carefully set to correspond 
with the location of bars in the column to be carried by the foot- 
ing. Although it is frequently possible to set dowels after the 
footing concrete is placed, it is very bad practice to wait until the 
concrete has hardened so that it is necessary to drive them in with 
a sledge as is sometimes done. This practice not only greatly 
weakens the bond of the concrete to the steel dowel, but is likely 
to rupture the partially hardened concrete and seriously weaken 
the whole footing. 


COLUMNS 


Reinforced concrete columns are built of two classes, tied 
columns and spiral columns. In the first class, columns may be 
built of any shape, but are generally square or rectangular. In 
the case of square or rectangular columns of moderate size, they are 
usually reinforced by vertical bars placed near each corner of the 
column and supported by ties, one-quarter inch round or larger, 

spaced about twelve inches apart vertically. The purpose of the 
verticals is to assist the concrete in carrying the load on the 
column and to prevent cracks from forming in those cases where 
there is a tendency for the column to bend. The purpose of the 
ties is to help in holding the vertical bars accurately in position 
and also to prevent outward buckling of these bars under the 
column load. 


Columns of the spiral class are reinforced by a continuous 
spirally wound hoop extending from the top to the bottom of the 
column, and, in addition, vertical rods are placed inside of this 
hoop. This type of column is generally used where heavy loads 
are to be carried, as the presence of the spiral makes it possible to 
use a smaller column than in the case of the type previously 
described. The purpose of the spiral hooping is to prevent a 
splitting of the column when under heavy load. 
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If you were to step on the upper end of a paper sack of flour 
or cement, you would find that the sack would split down one 
side, permitting the flour or cement to run out and the sack to 
collapse. This same tendency is true in a concrete column when 
heavily loaded, and it is the spiral hooping that resists this force 
and prevents the splitting of the column. For this reason, it is 
essential that the hooping be continuous from end to end. If it 
is cut by electricians or plumbers or any other tradesmen, the 
spirals should be replaced or repaired by welding or splicing in 
additional hoops. The vertical bars in this type of column assist 
the concrete in carrying the vertical load just as they do in the 
tied column. ; 


In all concrete columns, it is very important that the steel be 
located and held accurately at the proper distance from the forms. 
This is particularly important in the case of exterior columns when 
the outer face is to be left exposed to the weather in the finished 
building. Even though precautions are taken to make good con- 
crete, moisture has a tendency to work back from the face of ex- 
posed concrete. When this moisture reaches the steel, rusting 
occurs, and the rust, forming a scale on the steel, creates a 
pressure from inside of the concrete which cracks and spalls the 
surface, permitting more moisture to enter. This is one of the 
objections raised to the use of reinforced concrete in exposed 
locations, but experience teaches us that it is an objection that 
may be readily overcome through the application of care and 
intelligence in the placing of the steel in combination with equally 
careful treatment of the concrete. 


BEAMS 


Reinforced concrete beams are used to span between walls, 
piers or columns for the support of concrete slabs or other loads. 
To understand the necessity for reinforcing beams, it is desirable 
to consider how a timber beam would fail under load. Ex- 
perience will show that such a beam will fail by cracking or 
parting the fibers near the center of the span or at the bottom of 
the beam. Since concrete is weak in resisting tensile or pulling 
stresses, 1t 1s necessary to have steel to resist these stresses. The 
principal reinforcing of a concrete beam consists of bars placed in 
the lower portion of the beam and running throughout its length 


nee 
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to resist these pulling stresses. This steel should be placed some- 
what above the bottom of the beam so that the concrete by 
bonding to the bar will transmit the tensile or pulling stresses to 
it. The concrete under the bars is also of importance in securing 
proper protection for the bars against fire and corrosion. The 
following rules will be found useful in locating and spacing this 
steel where a large number of bars are called for. 


No. 1—Main bottom steel should be not less than one and one- 
half inches from the bottom or sides of the beam boxes to secure 
adequate fire and rust protection. 

No. 2—Bars should be placed so that the minimum distance 
center-to-center between parallel bars will be not less than two 
and one-half times the diameter for round bars, or three times the 
side dimension for square bars. 

No. 3—In case hooks are provided at the ends of the bars to aid 
in anchoring them to the concrete columns, these spacings from 
center-to-center of bars may be made two diameters for round 
bars, or two and one-half times the side dimension for square 
bars, but in no case should the clear spacing between bars be less 
than one inch. 

In order to secure the proper spacing and location of bottom 
steel, an adequate number of beam chairs should be used. Where 
it is necessary to place the steel in more than one layer, a second 
set of chairs should be used on top of the first layer of bars, and 
the same rules for spacing should be applied to the upper layer as 
was given for the lower layer. 

Where the plans require several beam spans supported by piers 
or columns in a row, it is necessary and customary to provide steel 
in the top of the beam over the supports. To understand the 
necessity for this steel, you must remember that when the beam is 
loaded the column or pier exerts a pressure upward on the beam 
at this point and that the beam tends slightly to bend or sag 
between the columns or piers. If you will make a model by 
taking a light piece of wood, such as a yard stick or lath, laying 
it across several supports and loading it between them, you will 
see that the stick is curved over each of these supports. A beam 
continuous over supports is similarly curved and due to this 
curvature over the supports cracks will form at these points unless 
reinforcing steel is supplied at the top of the beam. The use of 
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this steel is very important since if cracks are permitted to form 
they will sometimes extend from the top of the beam through to 
the bottom. If this crack occurs at or near the edge of a column 
or pier it will be seen that the beam can no longer carry load to 
its support. This top steel should be accurately placed and 
spaced in accordance with the same rules as given before for 
bottom steel, and with a protection of concrete over the bars at 
the top of not less than one inch. 

Where a concrete beam is carried by a concrete column with 
no beam on the opposite side of the column it is frequently con- 
sidered desirable to place hooks at the end of the bars both in the 
top and bottom of the beam to prevent these bars from slipping 
or pulling out of the concrete column. The hooked ends of these 
bars should be extended into the column as far as possible con- 
sidering the length of the bar and the location of other bends, 
but should never be nearer the surface of the concrete than one 
and one-half inches. 

Except in small and unimportant beams, it is generally de- 
sirable and necessary to add additional steel near the ends of the 
beams to aid in preventing the beams from cracking near the 
supports. This is spoken of as “shear reinforcing.’ When a rein- 
forced concrete beam is heavily loaded, in addition to there being 
a tendency for it to crack at the bottom near the center and at the 
top over the supports, there is also a tendency for cracks to form 
near the supporting column or pier. These cracks run at an angle 
from the bottom of the beam near the support upward and toward 
the middle of the span. They are caused by a tendency of the 
center portion of the beam to drop away from that part which is 
over the column or pier. This shear reinforcing is supplied in 
several forms; its most general form is that of U or double-U 
stirrups placed in the beam boxes previous to placing the main 
beam steel. Jt is also customary in beams to supply shear steel 
partly or entirely in the form of bent bars. This form of shear 
reinforcement is generally supplied by bending up at an angle 
some of the main bars from the bottom of the beam to a point 
near the top of the beam, then flattening them out and extending 
them across the column or pier for use as top steel. The bend of 
these bars generally makes an angle with the bottom of the beam 
of between thirty and sixty degrees. As before explained, U- 
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stirrups are placed in the beam boxes before the main steel is set. 
After the main steel is placed, the stirrups should be wired 
securely to the main bars so as to be directly in contact with the 
bottom of them. In the case of U-stirrups having a hook provided 
at their upper ends, it is very desirable to provide a spacing bar 
running through and wired to the inside of the hooks. Where top 
steel is provided for beams over supports, it is frequently possible 
to securely wire the sides of the stirrups to the top steel. It is 
very important that all stirrups be kept away from the bottoms 
and sides of beam boxes a sufficient distance to secure a protec- 
tion of concrete over the steel. For beams ten inches wide or 
wider, stirrups should have one and one-half inches of concrete 
between the side of the stirrup and the beam form. In the case 
of beams narrower than ten inches, this protection may be re- 
duced to a minimum of one inch. 


SLABS 


Reinforced concrete slabs are generally used for the floors and 
roofs of buildings. They may be supported by masonry walls or 
by beams of steel or reinforced concrete. A number of different 
designs of slabs are in general use. All of these are based on the 
same general principles but are sufficiently unlike so that each 
will be discussed under a separate heading. 


Solid Slabs—A solid slab is the simplest form of reinforced 
concrete slab. It consists merely of concrete poured on a solid 
centering and reinforced by bars spaced at regular intervals. As 
explained previously, the bars are intended to prevent the crack- 
ing of the slab and are used at a point where the slab would tend 
to break due to tensile or pulling forces. Experience with other 
building materials, such as wooden joists, will show you that 
when loaded they generally fail by breaking of fibers at the bottom 
of the joists. Thus, in slabs spanning between supports there is 
always a tendency for the slab to fail by tension in the bottom. 
Reinforcing steel, therefore, is provided running between the 
supports and regularly spaced in the bottom of the slab. Ex- 
perience has shown that unless some steel is placed at right angles 
to this principal steel there is a tendency for slabs to crack parallel 
to the direction of the bars. It is therefore customary to provide 
smaller bars at right angles to the main bars, generally spaced 
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twelve or sixteen inches on centers. This steel is frequently re- 
ferred to as temperature reinforcement because the cracking is 
considered to be caused by expansion and contraction of the slab 
due to changes in temperature. In placing slab steel, it is im- 
portant to see that the bars are properly spaced, are parallel with 
one another, and are properly supported a sufficient distance 
above the form to secure imbedment in the concrete and to pro- 
tect them from the effects of a fire under the slab. Most specifi- 
cations require a minimum protection of three-quarters of an 
inch under the bars. 

Where the plans require several spans of slab supported by 
parallel walls or beams, it is customary to provide steel in the 
top of the slab over the supports. The purpose of this steel is to 
prevent cracks forming over the beams, as described previously 
under the heading of Brams. The use of this steel is very 1m- 
portant since if the cracks are permitted to form they will some- 
times extend through the slab which is then cracked away from 
its support and can no longer safely support any load. This top 
steel should be placed as near the top of the slab as possible, 
generally being imbedded a distance of three-quarters of an inch 
from the top of a solid slab. In the case of slabs having equal 
spans, it should extend to approximately the one-quarter point 
of the clear span in the top of the slab. 

Terra Cotta Tile and Concrete Joist Slabs—These are con- 
structed sometimes on solid wood centering and sometimes on 
open centering consisting of 2 x 8 or 2 x 10 inch planks laid on 
4 x 4’s and spaced approximately sixteen inches on centers. On 
these are laid hollow terra cotta tile, end to end, so that the side 
of the tiles and the two-inch plank constitute a trough in which 
to place the concrete of the joist. After setting the reinforcing 
steel, the concrete is placed between the tile and is carried some- 
times to the top of the tile, but more frequently to a point two 
inches above the tile. This type of construction can be used 
economically on much longer spans than can a solid slab. The 
reason for this is that for any given total depth of slab this con- 
struction weighs much less than a solid concrete slab since the 
tile, being hollow, weigh much less than the concrete which they 
replace. This construction also has the advantages of insulating 
against heat or cold due to the air space in the tile and also fur- 
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nishes a better base for plastering-than a plain concrete slab due 
to the scoring on the underside of the tile. Reinforcing in this 
form of construction consists of one or two bars placed in the 
bottom of each joist and supported above the bottom of the joist 
and spaced between the sides of the tile. Top steel should be 
provided over walls or beams in the same way and for the same 
reasons as were discussed under beams and solid slabs. 

Ribbed Slabs—Ribbed slabs are those in which the floor or roof 
consists of a series of concrete joists or ribs with a thin slab, 
usually two or two and one-half inches in thickness, between 
them. These slabs are formed on an open or solid wood centering 
and the spaces between the ribs are formed either of corrugated 
metal forms which remain permanently in the slab, or heavy 
gauge steel forms which are removed after the concrete has set. 
This type of floor can be used on very long spans because of its 
extreme lightness. It is also the most economical type of floor 
from the standpoint of the amount of concrete which is used. 
Reinforcing for this type of floor consists generally of two bars 
placed in the bottom of each joist or rib and properly supported 
above the soffit form and between the two side forms of the joists. 
Bars should be provided over supports as previously discussed 
under Beams and solid slabs. In addition to this reinforcing, it 
is customary and important to provide reinforcement in the thin 
top slab. This is sometimes provided by one-quarter inch bars 
running at right angles to the ribs and placed above the metal 
forms. Itis also frequently provided by using a wire fabric placed 
across the top of the forms. Where this type of reinforcement is 
used, the fabric should always be placed so that the closely spaced 
wires run at right angles to the concrete joist. Where light bars 
or mesh are used to reinforce this upper slab it is important that 
when the concrete is placed the bars or mesh be raised slightly 
above the metal form to secure some imbedment. 

In ribbed slabs of Jong span or where used for heavy loads, it is 
sometimes necessary to use stirrups in the ribs to prevent the 
formation of cracks near the supports. This is spoken of as 
“shear reinforcing,” and acts in a joist or rib in the same way that 
shear reinforcing acts in beams as previously described. This 
“shear reinforcing” is generally supplied in the form of stirrups 
or U-shaped bars placed vertically in the rib before the main bars 
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are placed. It is sometimes supplied in the form of wire loops 
wrapped around the bar and extending up to the top of the slab, 
and it may also be supplied by cutting away a portion of the re- 
inforcing bar and bending it upward near the support. When 
loose stirrups are used, it is important that they be accurately 
positioned according to the spacing called for and securely wired 
so as to remain in a vertical position during the placing of the 
concrete. 
CANTILEVER BEAMS AND SLABS 


In building construction it is sometimes necessary that a beam 
or a slab should project or extend beyond a support with no 
additional support at its outer end. This is known as ‘‘cantilever 
construction.’’ Beams which project in this manner beyond walls. 
or columns are spoken of as “Cantilever Beams,” and slabs which 
project beyond beams or walls are spoken of as ‘Cantilever 
Slabs.’”? By considering the similarity to a projecting wooden 
beam, it will be seen that the tendency for the beam to crack is at 
the top, this tendency being greatest near the support. In 
cantilever reinforced concrete construction, there is similarly a 
tendency to crack in the top of the beam or slab for the whole 
length which projects beyond the support and also for a consider- 
able distance inside of the support, since the projecting end of 
the beam or slab must be balanced by an inner portion or anchor 
arm. In cantilever beams and slabs it is therefore necessary that 
the principal reinforcing steel be placed in the top and extend in 
the same direction as the cantilever projects. It is extremely 
important that this steel be held securely in its proper position 


since if it becomes lowered during the placing of the concrete the: 


cantilever construction will be very greatly weakened. 
In cantilever slab construction, it is important to use a sufficient 


number of substantial chair bars and high chairs to hold this. 


steel in position, both in the cantilever portion and in the anchored 
portion of the construction. 


FLAT SLABS 


The term “‘flat slab” is generally applied to a floor or roof slab: 


constructed as a solid slab without beams with the principal re- 
inforcing running in two or more directions. In this type of 
construction, the interior columns are generally supplied with 


a 
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enlarged column capitals, and the exterior columns are supplied 
with either a half capital or a bracket. Thickened portions of the 
slab, known as dropped panels, are generally provided at interior 
columns and sometimes at exterior columns in this form of 
construction. In flat slab construction, the reinforcing may be 
of several types and the steel setter must be guided by the 
information given on the erection drawings. The reinforcing 
steel is generally called for in ‘‘bands.”” The steelin these bands 
is placed in much the same way as reinforcing steel for any 
solid slab. 

While it is not considered possible to give any particular rules 
for the placing of flat slab steel, it may be desirable to say a word 
of caution regarding certain points in this form of construction: 

1. The heaviest stresses occurring in a flat slab are those in 
the top of the slab around the column head. At this point the 
steel is always provided in the top of the slab. It is very im- 
portant that this steel be properly placed at the right elevation, 
and that sufficient high chairs and chair bars be provided to in- 
sure its remaining at the right level in the finished construction. 

2. In placing the various bands of steel, care should be taken 
that there are not more layers of steel above the column than are 
absolutely necessary. In a two-way slab there should never be 
more than two layers of steel at the column capital, and in a four- 
way slab there should never be more than four layers of steel at a 
column capital. 

3. When a flat slab is supported at its edge by a wall beam, it 
is important to provide top steel in the slab anchored into the 
beam throughout its full length. 

4. At exterior columns it is equally as important to see that the 
top steel is properly placed and supported as it is at interior 
columns, possibly more so, as additional heavy bars are frequently 
required in the top of the slab at exterior columns. 


RETAINING WALLS 


Reinforced concrete retaining walls are generally of two types: 
cantilever construction and slabs spanned between supports. 

In building construction, the most frequent form-of retaining 
wall is of the latter type. This takes the form of a reinforced: 
concrete slab spanned either vertically between floors which act 
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as supports, or horizontally between columns, pilasters or cross 
walls which serve as supports. In either case, the principal slab 
reinforcing should be in the inner face of the wall or on the 
opposite side from which the earth pressure is applied. Where 
walls are continuous beyond supports, bars should be supplied in 
the outer face of the wall to prevent cracks at this point in the 
same way as top steel is provided in slabs over supports. 

The cantilever type of retaining wall is frequently used for 
grade separations, wing walls of bridge abutments and any loca- 
tion where a high bank of earth must be retained by a wall with- 
out a support at the top. In this type of wall, a very wide and 
heavy footing or base is provided and the wall projects as a 
cantilever above this base. Reinforcing steel must be provided 
in the wall, in the base, and between the wall and base to prevent 
cracks forming due to the pressure of the earth tending to over- 
turn the wall. The wall acts like a cantilever slab as previously 
described, projecting from the base in the same way that a slab 
projects beyond a beam or wall. The tendency to crack in this 
construction is on the side where the pressure is applied, and the 
reinforcing bars are therefore placed on the side of the wall next 
to the earth bank. These bars must be adequately anchored into 
the wall footing or base, either by being placed in one length be- 
fore the base of the wall is poured or by being spliced onto dowels 
extending above the base. 


In either type of retaining wall, it is important to provide. 
adequate temperature steel at right angles to the main reinforcing 
and securely wired to it, and to keep the bars sufficiently far away 
from the forms to permit of an ample covering of concrete. This 
distance is generally indicated on the engineer’s drawing but it 
should not be less than two inches. 


Readers are referred to the JouRNAL for June 1930 for discussion 
which may develop. Such discussion should reach the Secretary by 
May 1, 1930. 


PROPOSED SPECIFICATIONS FOR READY-MIxED 
CONCRETE 


Progress Report of Committee 504. Specifications for Centrally 
Mixed Concrete 


MILES N. CLAIR, * AUTHOR-CHAIRMAN 


Mr. Clair, while acknowledging valuable suggestions, assumes 
full responsibility for this report. Discussion by critic members 
of his committee and others may be counted on to develop the 
adequacy of the proposed specification for “ready-mixed”’ con- 
crete or to show wherein it does not meet all the needs and con- 
ditions of this new rapid development in the concrete field. With 
all the discussion in hand and with the information being 
prepared by Committee 602 on design and operation of central 
mixing plants a specification can doubtless be drawn for early 
tentative adoption. This report ts on the 26th Annual Convention 
program.—EpIToR 


INTRODUCTORY 


Although designated as a committee to develop a specification 
for ““Centrally Mixed Concrete,” it is understood that the entire 
field of “ready-mixed-to-use-as-received-on-the-job concrete” is 
to be considered. There is presented in this ‘‘progress’’ report a 
proposed tentative specification for ready-mixed concrete, suit- 
able for use by architects and engineers, which is followed by 
some discussion of the items where deviations from the usual 
standard specifications occur. 

The author acknowledges with appreciation the criticism and 
cooperation of the critic members of the committee, { as well as 


*Thompson & Lichtner Co., Boston, Mass. __ 
+Alexander Foster, P. J. Freeman, Frank I. Ginsberg, R. 8. Greenman, W. H. Hart, Manton 


E. Hibbs, C. E. Nichols, T. C. Powers, H. F. Thomson. 
(467) 
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the valuable suggestions received from other members of the 
society, previous to the writing of this report. It is hoped that the 
society in general, as well as those particularly interested in this 
‘relatively new development in the field of concrete construction, 
will offer further constructive criticism. 

PROPOSED SPECIFICATIONS FOR Reavy Mrxep CONCRETE 
1—GENERAL. 

(a) These specifications cover the conditions affecting the use 
of Ready-Mixed Concrete. 

(b) The term ‘‘Ready-Mixed” is used in these specifications as 
including commercially-produced concrete, whether made in a 
Central Mixing Plant and conveyed~to the place of deposit, or 
whether the materials are measured at a Central Proportioning 
Plant, and the mixing done in transit or at the place of deposit. 

(c) The place where the materials are measured is referred to 
in these specifications, as “the plant.” 
2—MATERIALS. 


(a) Portland cement shall conform to the Standard Specifica- 
tions and tests for portland cement (C9-26) of the American 
Society for Testing Materials. 

(b) Concrete aggregates shall conform to the Tentative 
Specifications for Concrete Aggregates (C 33-28T) of the American 
Society for Testing Materials. 

(c) Water used in mixing concrete shall be free of injurious 
substances. 

(d) Cement and aggregates shall be stored at the plant in a 
manner to prevent deterioration or the intrusion of deleterious 
matter. Any material which has deteriorated or has been 
damaged shall be promptly and completely removed from the 
plant. 

(e) No change shall be made in the materials used, during the 
course of the work, except with the permission of the Architect 
or Engineer. 

(f) Facilities shall be provided at the plant for the inspection 
and test of materials by the Architect or Engineer. 
3—CONCRETE QUALITY AND PROPORTIONING 


(a) The working stresses for the design of the structure are 
based upon the minimum ultimate’28 day strength of the con- 
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crete to be used. The strength of the concrete, for which all parts 
of the structure were designed, is shown on the several plans. 

(b) The concrete shall be so proportioned and mixed that when 
delivered to the forms it will have the consistency specified and 
will develop the strength as specified and shown on the several 
plans, at 28 days, as determined by the “Standard methods of 
making compression tests of Concrete” (C 39-27) of the American 
Society for Testing Materials. 

(c) The method of measurement of concrete materials shall be 
such that the proportions can be readily adjusted to assure 
concrete of the quality specified. The operation of the plant shall 
be under the direct supervision of a competent concrete testing 
engineer. 

(d) Each load of concrete shall be accompanied by a certified 
statement of the quantities of all the ingredients used and the 
quality of the concrete delivered. The organization supplying the 
ready-mixed concrete shall furnish sufficient test data certified to 
by a competent concrete testing engineer to enable the Architect 
or Engineer to determine whether the quantities used will give 
concrete of the desired quality. 

(e) During the progress of the work, a reasonable number of 
compression tests shall be made as may be required by the 
Architect or Engineer, but at least one specimen shall be tested 
for each 50 cubic yards of concrete being placed. The tests shall 
be made in accordance with the “Standard Method of Making and 
Storing Specimens of Concrete in the Field’ (C31-27) of the 
American Society for Testing Materials. - 

(f) Facilities shall be provided at the plant to enable the 
Architect or Engineer to easily check at anytime the accuracy 
of the measurements. 


4—MIxING AND TRANSPORTING CONCRETE. 


(a) Central Plant-Mixed Concrete 
1—The concrete shall be properly mixed before being loaded 
into the transporting vehicle. 
2—Transporting vehicles shall be so constructed as to insure 
rapid delivery of the concrete to the job without segrega- 
tion or loss of the ingredients. 
3—Ordinary flat bottom trucks shall not be used tc transport 
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central plant-mixed concrete when the consistency of the 
concrete is wetter than a 214 inch slump. 

4—Central Plant-Mixed Concrete shall not be transported in 
any case fora period in excess of one hour after the 
addition of the cement. 


(b) Central Plant-Proportioned truck-mixed concrete 

1—If the aggregates and cement are introduced into the 
transporting and mixing vehicle together, the procedure 
shall be such that they are uniformly distributed through- 
out the batch when the loading is complete. 

2—Vehicles used for transporting and mixing shall be so 
constructed as to insure rapid delivery and proper mixing 
without segregation or loss of the ingredients. 

3—Central Plant-proportioned truck-mixed concrete, when 
the aggregates and cement are batched together, shall not 
be transported in any case for a period in excess of one 
hour after the addition of the cement to the aggregate. 

4—Means shall be provided so that the quantity of water 
added to the mix can be readily checked. 


(c) Under no circumstances shall partially-hardened or re- 
tempered concrete be placed in the structure. 

(d) During weather approaching freezing temperatures, the 
concrete as delivered to the job, shall have a temperature not 
less than 50° F. and not more than 120° F. 

(e) Each load of concrete shall be accompanied by a certified 
statement as to the time at which the cement was added. 


5— DELIVERY. 


(a) The organization supplying conerete shall have sufficient 
plant capacity and transportation apparatus to insure continuous 
delivery at the rate required. 

(b) The interval between batches for a pour shall not exceed 
thirty minutes or in any case be so great as to allow the concrete 
in place to partially harden. 


(c) The methods of delivering the concrete shall be such as will 


facilitate placing with the minimum of rehandling and without 
damage to the structure or concrete. 
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DISCUSSION BY AUTHOR-CHAIRMAN 


Commercial ready-mixed concrete plants have been in opera- 
tion for from five to eight years, and essentially similar concrete- 
producing and distribution systems have been employed for 
many years on the larger construction projects where concrete 
had to be deposited over a large area. The commercial concrete 
plant, therefore, cannot be considered entirely new either in 
practice or principle. The increase in the number of plants, how- 
ever, has been particularly rapid within the last two years, due 
partly to the increased demand by engineers and architects for 
concrete of known quality, and partly because of the appreciation 
by contractors of the advantages in many cases of eliminating 
the job-mixing plant. 

The distribution of the commercial concrete plants is now so 
general that practically every engineer and architect has before 
him, or will have in the near future, the question of the use of 
ready-mixed concrete. A specification is, therefore, vitally needed 
that will insure the engineer or architect of ready-mixed concrete 
of the quality specified, and at the same time, will allow the 
commercial concrete producer to take full advantage of the 
savings to be obtained from large scale production and proper 
use of his materials. The proposed tentative specifications, which 
are given in this report, were developed with these two require- 
ments in mind and follows essentially the form and wording of 
the “Specifications for Plain and Reinforced Concrete” given on 
pages 46 to 50 inclusive of the third edition of the pamphlet 
entitled ‘‘Design Control of Concrete Mixtures,” published by 
the Portland Cement Association. 

The proposed tentative specifications are not intended as a 
general specification for plain and reinforced concrete, but rather 
as an addition to such specifications, when the architect or 
engineer has to consider the use of ready-mixed concrete on work 
over which he has supervision. The two systems in general use 
today, in the commercially-produced concrete field, are the 
Central Mixing Plant system and the Central Batching Plant 
truck-mixing system. The procedure in the Central Mixing 
Plant system is to proportion the materials and to mix the con- 
crete at a central plant and to transport the mixed concrete to 
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the point of deposit in trucks equipped with or without some form 
of agitating apparatus. This system is essentially that employed 
in the past on large construction projects such as dams. The 
procedure in the central batching plant, truck-mixing system is 
to proportion the materials at a central plant and to transport the 
batched materials, to which water has not been added, to the 
point of deposit in special mixer trucks which mix the concrete 
during transportation or after arrival at the job. This system is 
similar to that employed in the past on large road construction 
projects where materials were batched at a central point and de- 
livered to the mixer which moved along as the work progressed. 
There is also used, to some extent, a-modification of the central- 
batching plant system which corresponds more closely to the 
methods used in road work, in which the materials are batched 
at a central plant, but are kept separate and are delivered to a 
mixer on the job. The usual form of specification should satis- 
factorily cover this special system, as there occurs no contact of 
cement, aggregates, and water, preliminary to the mixing and 
immediate placement of the concrete. 


Proper materials must be used in order to obtain good concrete 
economically and, therefore, the restrictions in regard to the 
quality and storage of the cement, aggregates, and water must 
be essentially the same for ready-mixed concrete as for job-made 
concrete. The commercial concrete plant may have an ad- 
vantage over the job plant, however, because of the relatively 
larger consumption of materials which should enable them to 
demand better materials and better prices. This buying power 
of the commercial concrete plant, and the desire to increase in- 
come may lead in some cases to the desire to use materials from 
several sources at the same time, or at intervals. It appears wise, 
therefore, to include a provision in the specifications to make sure 
that changes will not be made during the course of the work, 
without the permission of the architect or engineer. The archi- 
tect or engineer also wants to know that the materials used are 
of the quality specified, and facilities should be provided at the 
plant so that his representative can go there at any time and take 
the necessary samples for test. A control laboratory in which the 
usual material tests can be made, is an absolute necessity for the 
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proper operation of a ready-mixed concrete plant. This labora- 
tory should be available for use by the representative or the 
engineer, so that he can promptly check up on the quality of the 
materials. It is common practice today in the steel industry to 
provide such facilities without charge. 


The usual specifications for concrete, because of the necessity 
of allowing for many factors when concrete is made on the 
ordinary job, rightfully contain many restrictions on the quanti- 
ties of materials and the water content. All that the engineer 
wants however, is concrete of a definite quality as determined by 
the strength and the workability. If the full advantage is to be 
realized from the development of the commercial concrete plant, 
the specifications must require the use of superior equipment and 
proper control at the commercial concrete plant, and then allow 
the plant to meet the requirements of quality without restriction 
as to the quantities used in the mix. The proposed tentative 
specifications were written with this idea in mind, and although 
such a specification may be considered premature, it is certainly 
a logical step forward. 


The conditions surrounding the production of ready-mixed 
concrete are ideal for the use of proportions based on tests of the 
materials. The conditions surrounding the production of con- 
crete on the ordinary job make it almost necessary to use estab- 
lished results for average materials. The commercial concrete 
organization must have available sufficient data from tests made 
by a reputable concrete testing engineer to enable the architect or 
engineer to determine that the quantities used will give the 
quality of concrete desired. Additional tests should be made by 
a competent testing engineer as a check on the quality of the 
concrete placed. This work should be done at the expense of the 
concrete producing organization who should receive copies of the 
test reports for their own use. 


The only part of the commercial ready-mixed concrete opera- 
tion which differs greatly from the ordinary job concreting 
procedure is that which has to do with the mixing and placing of 
the concrete. Ready-mixed concrete is essentially fabricated at 
such distances from the point of deposit as to require the use of 
vehicles other than barrows, buggies, or chutes for its transporta- 
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tion. The element of time is thus introduced into our considera- 
tions of the factors affecting the quality of the concrete from 
ready-mixed concrete plants. 


The effect of time upon a number of the characteristics of con- 
crete has been studied very thoroughly, but the effect of time on 
concrete as represented by delay, between the time of first adding 
water to the cement and the time the concrete is deposited in the 
forms, has not received much attention except in regard to the 
effect on the strength and workability. The work by H. F. 
Gonnerman and P. M. Woodworth is probably the most authori- 
tative in regard to the effect of this delay on the strength.* Their 
conclusion js as follows: ‘““The most striking result brought out by 
this investigation was the small loss in compressive strength due 
to standing for periods up to 6 hr. (protected from evaporation) 
of concrete remixed without the addition of water. When the 
mixtures remained plastic and workable the loss was practically 
nil. After the concrete ceased to be plastic the strength fell off 
rapidly. There was always a reduction in flow with an increase 
in standing period.” These tests however were made under 
laboratory conditions using a cement which had an average 
initial setting time of 3 hr. 15 min. and a final set of 7 hr. and 27 
min. Tests made on concrete as produced by commercial ready- 
mixed concrete organizations and reported in technical publica- 
tions show results similar to those found by Gonnerman and 
Woodworth. A thorough consideration of the matter indicates, 
however, that in practice the time that can elapse between the 
addition of the water and the final deposition of the concrete, 
without deleterious effect on the strength, is influenced by the 
richness of the mix, the consistency, the characteristics of the 
aggregate, the agitation received either mechanically or by trans- 
portation, the characteristics of the cement, the surrounding 
temperature and humidity conditions, and the presence of ad- 
mixtures. It is apparent that it is impossible at this time to 
write a specification giving limitations to all these factors. All 
that can be done is to require that the concrete be workable when 
received on the job and to set a conservative maximum limit on 
the time elapsing between the addition of the cement to the 
aggregates, and the time of placing. 


*Tests of Retempered Concrete, Proc. Am. Concrete Institute, Vol. 25, p. 344. 
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The limit of one hour has been adopted in many cases, as 
engineers and architects consider some factor of safety necessary 
to cover our present lack of knowledge in regard to the effect of 
prehydration or very long mixing or the qualities of the concrete, 
other than strength. It is true however that such data as 
are available appear to be favorable to prehydration. 


It is important to note, that the central proportioning-plant- 
truck-mixing systems, as well as the central mixing plant system, 
brings the cement in contact with water at the central plant, 
unless the materials are entirely dry, and therefore, any limitation 
of time should apply to both. Fortunately, it is generally not 
economically possible to transport the concrete for a distance that 
will require more than an hour haul. 


The transporting of the concrete for appreciable distances 
tends to produce segregation of the materials. The wetter the 
mix, the more the tendency to segregate. Mixes of the con- 
sistency used for reinforced concrete work will segregate badly in 
a haul of one-half hour, which is an average for most commercial 
concrete plants. Concrete of the consistency used in road con- 
struction and heavy foundations can be transported in ordinary 
truck bodies for periods of over one hour without segregat‘on. 
Agitator trucks are desirable for concrete of all types, as they 
help to prevent segregation, but as made at present, they do not 
efficiently handle concrete of one or two inch slump. Such trucks 
do not give sufficient mixing action to be considered as con- 
tributing to the mixing of the concrete, and therefore, the concrete 
from central mixing plants should be just as thoroughly mixed 
before loading on the truck as though there was no agitation. 

Experience with central plant proportioned-truck-mixed con- 
crete has shown that there is a tendency in certain types of 
mixers toward non-uniform distribution of the materials through- 
out the mixer. This is due to either improper charging, poor 
mixing action, or insufficient mixing, and can be corrected by 
proper care. The uusal truck mixer carries a load of from 3 to 5 
cubic yards of concrete, and therefore, a mix of five minutes is 
not too long. 

The specification, in all cases, refers to the time at which the 
cement was added, as a basis for determining the length of time 
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the hydration of the cement has been taking place. This was 
done so as to give a more definite basis, than to say “after the 
concrete was mixed” or “after the truck was loaded.” 


Proper servicing of the job is obviously necessary, and this 
means proper plant design so that no serious delay can occur due 
either to plant or material supply failure. The ideal condition 
would be for each organization to have several plants, or to have 
close cooperation between competing plants. 


Architects and engineers are looking forward to the time when 
they can specify a given quality of concrete, and be as sure of 
getting it, with only nominal inspection, as they now are when 
they specify a given grade of steel. It may not be long before we 
have commercial concrete organizations furnishing concrete 
“erected” just as steel organizations supply and erect steel today. 
It is hoped that this report and the subsequent work of the com- 
mittee will help to promote such progress in the field of concrete 
construction. 


Readers are referred to the JOURNAL for June 1930 for discussion 
which may develop. Such discussion should reach the Secretary by 
May 1, 1930. 


SPECIFICATIONS FOR THE SMALL JOB* 


BY S. C. HOLLISTER} 


The mischance that prevented the publication of this paper by 
Mr. Hollister in Volume 25 of Proceedings last June,* presents 
the author’s ideas on “owner insurance” of the quality of the 
concrete on the job that lacks constant supervision, at a time 
when a new Institute committee, 506, Concrete Specifications 
for the Small Job, is putting the finishing touches on a similar 
document: “Construction Specification for Concrete Work on 
the Small Job.” Mr. Lord as author-chairman made the 
original draft and the report has gone to critic members of the 
committee for further consideration. It 1s scheduled for early 
publication. The committee will now have the benefit of Mr. 
Hollister’s paper.—Epiror 


INTRODUCTORY 


THE PURPOSE of this paper is to propose for discussion a typical 
specification easily adaptable to the small job. Such a job differs 
from others in several important respects. It does not attract 
the larger contracting organization with its staff of trained men. 
There cannot be a resident engineer, although there should be a 
resident inspector paid by the owner and under the engineer’s 
direction. There is seldom an opportunity to exercise the control 
over the manufacturer of concrete through field specimens 
followed by subsequent adjustments, which are becoming com- 
mon on large jobs. And yet, there is desired by engineer and 
owner the same high grade of construction expected and obtained 
on the large job. 

Specifications must perform several functions. In the first 
place, they must be descriptive of the extent and quality of the 


*This paper, on the program of the 25th annual convention, was, in the author’s absence, 
presented by title only. The author’s illness prevented revisions he desired to make in time 
for publication in Vol. 25 


}Consulting Engineer, Swarthmore, Pa. 
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work contemplated. They should be the clear outline necessary 
for mutual understanding and equitable performance of the 
work on the part of both engineer and contractor. They must 
often explain particular processes avd procedures. The bidder 
must have full understanding of what is expected of him and at 
the same time the reasonable authority of the engineer in dis- 
charging his responsibilities must be made clear. 

The specification proposed here is based on that of the Joint 
Committee but shortened in accordance with the needs and re- 
strictions of the small job. It is neither new nor origina] but 
rather is based on all the data the writer has been able to bring 
to bear on the subject. 

Each class of constructive work, and each community as well, 
has its own group of available contractors. It is manifestly.im- 
possible to draft a single specification which will meet all these 
variable circumstances. It is hoped, however, that the form here 
suggested will serve as a guide to the engineer in preparing a 
specification to meet his immediate needs, and in many instances 
will provide a usable form as it stands. It must, of course, be 
preceded by the legal clauses involving the extent and administra- 
tion of the contractual relation. 


CONSTRUCTION SPECIFICATIONS 
GENERAL 


(1) The work hereunder shall include furnishing all labor 


and materials in the construction of 


(Here should be inserted a brief description of all the construction to be done 
under these specifications.) 


SCOPE OF WORK 
(2) 


(Here should be outlined where the work begins and where it ends; inter- 
relation with property lines, streets, existing structures; replacements, where 
necessary to remove existing work for facility in installing new work; and all 
oe items which fix the confines and inter-locking features of the 
work, 


PROVISION FOR UTILITY LINES 
eres ee 
(Care of utility lines in the line of the contemplated work should be set forth 


here. Supply of power, water, etc., for the new work should be outlined, and at 
whose expense it shall be installed.) 


PLANS 
(4) The plans which illustrate the work hereunder and which 
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are included in these specifications and made a part hereof are 


as follows: 

_ (ist all contract drawings by number, title and date. Also provide draw- 

ings to be supplied at a future date amplifying the work shown on the above 
awings. 


PRELIMINARY PREPARATIONS 
(5) 


(Describe in detail all prelimmary preparations, obtaining of permits, 
clearing site, etc., pertinent to the work hereunder. 


LOCATION OF CONTRACTORS PLANT 

(6) The Contractor shall, before proceeding with the work, 
obtain the approval of the Engineer, in writing, for the placing 
of his plant as regards the ground to be occupied during the period 
of the work hereunder. Private property not controlled or granted 
by this owner shall be occupied at the sole expense and respon- 
sibility of the Contractor. 

INSPECTION AND SAMPLING OF MATERIALS AND WORKMANSHIP 

(7) All materials to be incorporated in the construction here- 
under shall be subject to inspection and sampling after delivery 
to the site and the Contractor shall furnish such samples and shall 
provide facilities for adequate inspection at his own expense 
throughout the progress of the work. 

(8) The Contractor shall furnish sufficient space in his field 
office for the Inspector and shall furnish him with free telephone 
service. 

STORAGE AND INSPECTION OF MATERIALS 

(9) All materials to be incorporated in the work hereunder 
shall be so stored and furnished with such protection as to prevent 
their deterioration or impairing of their quality. 

CEMENT 

(10) All cement used hereunder shall be portland cement and 
shall conform to ‘‘Standard Specifications and Tests for Portland 
Cement” (serial designation C-9-26*) of the American Society for 
Testing Materials. 

FINE AGGREGATE 

(11) Fine aggregate shall consist of sand having clean, hard, 
strong, durable, uncoated grains, free from injurious amounts of 
dust, lumps, soft or flaky particles, shale, alkali, organic matter, 


*Or subsequent serial designation. 
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lumpy, or other deleterious substances. 


(12) Fine aggregate shall range in size from fine to coarse 


within the following limits: 

Passing through No. 4 sieve not less than eighty-five (85) per 
cent by weight. 

Passing through No. 50 sieve not more than thirty (30) per 
cent nor less than ten (10) per cent, both by weight. 


(Clean sand, free from silt or clay or dirt of any kind is of prime importance. 
For testing sand for organic impurities see “Abrams-Harder Field Test,” 
A. 8S. T. M., XIX, Pt. I, p. 321 (1919); and for gradation, A. S. T. M., Std. 
C41-24. Effect of admixtures on strength of concrete is discussed in Bull. 8, 
P. C. A., 1925. In general, inert admixtures which swell when wet and shrink 
in drying, such as clay, may have undesirable effect on the durability of con- 
crete exposed to weather, while admixtures not so affected, in proper amounts, 
may aid in placing and rendering dense concrete. Sand from sources of proven 
reliability is always preferable, in the absence of thorough test results.) 


COARSE AGGREGATE 

(13) Coarse aggregates shall consist of crushed stone, gravel, or 
blast furnace slag, having clean, hard, strong, durable, uncoated 
particles, free from injurious amounts of soft, friable, thin, 
elongated, or laminated pieces, alkali, organic or other deleterious 
matter. 

(14) Coarse aggregate shall range in size from fine to coarse 
within the following limits, except for cyclopean concrete or for 
making balustrade spindles: _ 

Passing a one (1) inch sieve not less than ninety-five (95) per 
cent by weight. 

Passing a No. 4 sieve not more than ten (10) per cent by weight. 


Passing a No. 8 sieve not more than five (5) per cent by weight. 

(The stone must be clean, free from coatings of silt, clay, etc. Stone that 
deteriorates when exposed to the elements should not be used. It may be tested 
for organic impurities by the Abrams-Harder test. The grading given here 
will suffice for general building work. Special grading will be required for 
special work, as determined by reinforcement clearances, extent of concrete 
mass, etc.) 


CYCLOPEAN AGGREGATE 

(15) Cyclopean aggregate for use in cyclopean concrete, in 
addition to the size and gradation specified above, may range in 
size from three (3) inches in diameter to pieces weighing one 
hundred (100) pounds each and shall consist of clean, hard, 
durable stone or gravel and shall be so placed that each stone is 
entirely surrounded by the concrete in which this aggregate is 
being embedded. It shall be used only in those members in- 
dicated on the plans. 


7 i 
a 
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STORAGE OF AGGREGATES 


(16) Aggregates shall be stored as to avoid inclusion of foreign 
materials. Frozen aggregate or aggregate containing lumps of 
frozen material shall be thawed before using. 

WATER 

(17) Water for concrete shall be clean and free from injurious 
amounts of oil, acid, alkali, organic matter or other deleterious 
substances. 

STEEL REINFORCEMENT 
(18) Steel reinforcement shall meet the requirements of the 


“Standard Specification for * Concrete 
Reinforcement Bars’ of the American Society for Testing 
Materials for * orade. 


(19) Deformed bars shall be of a form which shall be approved 
in writing by the Engineer. 


EXCAVATION OF FOUNDATIONS 


(20) Excavation shall be carried down to the depth indicated 
on the plans and shall be of such extent as is required by the 
plans to receive the footings. Adequate shoring shall be provided 
as may be necessary to prevent damage to adjoining property or 
injury to workmen. Materials removed in excess of that needed 
for backfill above the completed footings, shall be removed from 
the site by and at the expense of the Contractor. 


PREPARATION OF FOUNDATION BED 

(21) 

(Full description of preparation of the contact bed should be given.) 
FORMS 

(22) Forms shall conform to the shape, lines and dimensions 
of the concrete as called for on the plans. Lumber used in forms 
for exposed surfaces shall be dressed to a uniform thickness, and 
shall be free from loose knots or other defects. Joints in forms 
shall be horizontal or vertical. For unexposed surfaces and rough 
work, undressed lumber may be used. Lumber once used in forms 
shall have surfaces to be in contact with concrete thoroughly - 


’ cleaned before being used again. All interior angles not occurring 


*Insert here the grade of reinforcing steel desired. Usually intermediate grade steel is carried 
in stock by bar companies. 
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on an exposed face of the structure shall be formed with a one (1) 
inch bevelled fillet, unless noted on the plans. 

(23) Forms shall be substantial and sufficiently tight to pre- 
vent leakage of mortar;* they shall be properly braced or tied 
together so as to maintain position and shape. If adequate 
foundation for shores cannot be secured, trussed supports shall be 
provided. 

FORM TIES 

(24) Bolts and rods shall preferably be used for internal ties; 
they shall be so arranged that when the forms are removed no 
metal shall be within one (1) inch of any surface. Wire ties will 
be permitted only on light and unimportant work; they shall not 
be used through surfaces where discoloration would be objection- 
able. Shores supporting successive stories shall be placed directly 
over those below, or so designed that the load will be transmitted 
directly to them. Forms shall be set to line and grade and so con- 
structed and fastened as to produce true lines. Special care shall 
be used to prevent bulging. Clearances shown on the plans for 
metal reinforcement shall apply also to metal ties left in the 
concrete. 

FORM TREATMENT 


(25) The inside of forms shall be coated with non-staining 
mineral oil or other approved material. Where oil is used it shall 
be applied before the reinforcement is placed. 

CLEAN-OUTS 


(26) Temporary openings shall be provided at the base of 
column and wall forms, and at other points where necessary to 
facilitate cleaning and inspection immediately before depositing 
concrete. 

CLEANING OF STEEL REINFORCEMENT 


(27) Metal reinforcement, before being positioned, shall be 
thoroughly cleaned of mill and rust scale and of coatings that will 
destroy or reduce the bond. Reinforcement appreciably reduced 
in section shall be rejected. Where there is delay in depositing con- 
crete, reinforcement shall be re-inspected and, when necessary, 
cleaned. 

Te*The writer realizes the advantages in ‘‘bleeding” the concrete while still in the plastic state 


through forms designed for the purpose, in order to obtain a denser, stronger concrete; but such 
methods are not sufficiently understood by builders to justify their use on the small job. 
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BENDING 


(28) Reinforcement shall be carefully formed to the dimensions 
indicated on the plans. Cold Bends shall be made around a pin 
having a diameter of eight (8) or more times the least dimension 
of the reinforcement bars. 

(29) Metal reinforcement shall not be bent or straightened in 
a manner that will injure the material. Bars with kinks or bends 
not showr on the plans shall not be used. Heating of reinforce- 
ment will be permitted only when the entire operation is approved 
by the Engineer. 

PLACING 

(30) Steel reinforcement shall be accurately positioned and 
secured against displacement by using annealed iron wire of not 
less than No. 18 gauge, or suitable clips at intersection, and shall 
be supported by concrete or metal chairs or spacers or metal 
hangers. Clearance between forms and reinforcement indicated 
on the plans shall be rigidly adhered to and no corrodable metal, 
whether for reinforcement or otherwise, shall be nearer the forms 
than this specified clearance distance. 

SPLICING 

(31) Splicing of reinforcement shall be accomplished by lapping 
bars not less than forty diameters. The lapped portions shall be 
spaced a clear distance apart not less than one and one fourth 
(114) times the maximum size of the coarse aggregate to be used 
in the concrete at that point. Splicing of bars arranged in 
parallel system shall be made at staggered locations and in such 
manner that not more than twenty (20) per cent of the bars in the 
parallel system shall have splices on any line across the system. 
PROPORTIONING 

(32) The unit of measure shall be the cubic foot. Ninety-four 
pounds of cement (one bag of 14 bbl.) shall be considered as one 
cubic foot. 

(33) The method of measurement shall be such as to secure the 
required proportions in each batch. The aggregate shall be 
measured by volume. In volume measurement the fine aggregate 
and the coarse aggregate shall be measured loose, as thrown into 
the measuring device and struck off. The water shall be so 
measured as to insure the desired quantity in successive batches. 
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(34) Concrete shall be mixed in the proportions indicated in 
the table in Sec. 35, except as modified by the Engineer under 
Sec. 37. 

(35) The design of the various portions of the structure is 
based on the assumption that the concrete will develop the com- 
pressive strength at twenty-eight (28) days which, for the purpose 
of design only, are given in the following table: 


PROPORTIONS OF CONCRETE 


Proportions by Volume 


Part of |_————---————_-——_ Concrete Strength Assumed 
Class | Structure Fine | Coarse | as Basis for Design, lb. per 
Cement | Aggre- | Aggre- sq. in. at 28 days 
gate gate 


(This table should set forth the classes of concrete to be used in the structure, 
with typical proportions established by the Engineer through previous tests 
on the kind of material to be used. In the absence of such tests see Spec. for 
as and Rfcd. Conc., Joint Committee, App. 16, proc. A. C. I., (1925) p. 
404, 


(86) Variations in the grading of the aggregates from that 
given in Secs. 12 and 14, and on which the above proportions were 
based, may be made upon the approval of the Engineer and in 
such proportions as he may direct, but no claim shall be made for 
extra compensation therefor. 

(37) The Engineer shall have the right to make any changes 
in proportions of materials that may be necessary or desirable, 
and adjustment of compensation will be made in accordance with 
the provisions of the schedule of “Extra Work or Deduction of 
Work’”’* of this contract. Frequent tests will be made by the 
Engineer at the expense of the owner throughout the work to 
determine whether the concrete produced by the proportions 
given in the foregoing table is of the quality assumed in the de- 
sign. The Contractor shall provide such facilities as may be 
practicable for carrying out tests and shall cooperate in every way 


to the end that concrete of the desired quality shall be obtained. _ 


CONSISTENCY 


(38) The quantity of water used shall be the minimum neces- 
sary to produce concrete of a workability required by the Engi- 


_ *As a part of the Proposal Form there should be provision for unit-price bids on furnishing 
(or deducting) various materials employed in the work as a means of fixing compensation or 
deductions as required during the progress of the work. 


Specifications for the Small Job 485 


neer. The consistency of the concrete shall be measured by the 
slump test as described in the ‘‘Tentative Method of Test for 
Consistency of Portland Concrete for Pavements or for Pave- 
ment Base’’ (serial designation D138-2-T) of the American 
Society for Testing Materials. The slump for the different types 
of concrete shall not be greater than that indicated in the follow- 
ing table unless authorized by the Engineer. 


WORKABILITY OF CONCRETE 


Class of Concrete Maximum Slump In. 


(The slumps required by the Engineer should be listed here, in accordance 
with the classes of concrete and placing requirements.) 


(39) The consistency shall be checked from time to time during 
the progress of the work. 
MIXING 

(40) The mixing of concrete, unless otherwise authorized by 
the Engineer, shall be done in a batch mixer of approved type 
which will insure a uniform distribution of the materials through- 
out the mass, so that the mixture is uniform in color and homo- 
geneous. The mixer shall be equipped with suitable charging 
hopper, water storage, and a water-measuring device. The entire 
contents of the drum shall be discharged before recharging. The 
mixer shall be cleaned at frequent intervals while in use. The 
volume of the mixed material per batch shall not exceed the 
manufacturer’s rated capacity of the mixer. 

(41) The mixing of each batch shall continue not less than one 
minute after all the materials are in the mixer, during which time 
the mixer shall rotate at a peripheral speed of about two hundred 
(200) feet per minute. 

HAND MIXING 

(42) When hand mixing is authorized by the Engineer it shall 
be done on a water-tight platform. The cement and fine aggre- 
gate shall first be mixed dry until the whole is of a uniform color. 
The water and coarse aggregate shall then be added and the 
entire mass turned at least three times, or until a homogeneous 
mixture of the required consistency is obtained. 


RETEMPERING 
(43) The retempering of concrete or mortar which has par- 
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tially hardened, that is, remixing with or without additional 
cement, aggregate or water, will not be permitted. 


CLEANING OF MIXER AND CONVEYING EQUIPMENT 

(44) Before beginning a run of concrete, hardened concrete and 
foreign materials shall be removed from the inner surface of the 
mixing and conveying equipment. 


CLEANING FORMS 


(45) Before depositing concrete, debris shall be removed from 
the space to be occupied by the concrete; forms shall be thor- 
oughly oiled. Reinforcement shall be thoroughly secured in 
position and approved by the Engineer. (See Secs. 25 and 30.) 


CONVEYING CONCRETE 


(46) Concrete shall be handled from the mixer to the place of 
final deposit as rapidly as practicable by methods which shall 
prevent the separation or loss of the ingredients. It shall be 
deposited in the forms as nearly as practicable in its final position 
to avoid rehandling. It shall be so deposited as to maintain, 
until the completion of the unit, a plastic surface approximately 
horizontal. Forms for walls or other thin section of considerable 
height, shall be provided with openings, or other devices, that 
will permit the concrete to be placed in a manner that will avoid 
accumulations of hardened concrete on the forms or metal re- 
inforcement. Under no circumstances shall concrete that has 
partially hardened be deposited in the work. 

(47) When concrete is conveyed by chuting, the plant shall be 
of such size and design as to insure a practically continuous flow 
in the chute. The angle of the chute with the horizontal shall 
be such as to allow the concrete to flow without separation of the 
ingredients. The delivery end of the chute shall be as close as 
possible to the point of deposit. When the operation is inter- 
mittent, the spout shall discharge into a hopper. The chute shall 
be thoroughly flushed with water before and after each run; the 
water used for this purpose shall be discharged outside the forms. 


PLACING CONCRETE 


(48) Conerete, during and immediately after depositing, shall 
be thoroughly compacted by means of suitable tools. For thin 
walls or inaccessible portions of the forms, where rodding or 
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forking is impracticable, the concrete shall be assisted into place 
by tapping or hammering the forms opposite the freshly de- 
posited concrete. The concrete shall be thoroughly worked 
around the reinforcement and around embedded fixtures, and 
into the corners of the forms. 


UNWATERING 


(49) Water shall be removed from excavations before concrete 
is deposited, unless otherwise directed by the Engineer. Any 
flow of water into the excavation shall be diverted through proper 
side drains to a sump, or be removed by other approved methods 
which will avoid washing the freshly deposited concrete. Water 
vent pipes and drains shall be filled by grouting or otherwise, 
after the concrete has thoroughly hardened. 

SURFACE PROTECTION 


(50) Exposed surfaces of concrete shall be protected from pre- 
mature drying for a period of at least seven days after being 
deposited. 

CONCRETING IN FREEZING WEATHER 


(51) Concrete when deposited shall have a temperature of not 
less than 40° F. nor more than 120° F. In freezing weather suit- 
able means shall be provided for maintaining the concrete at a 
temperature of at least 50° F. for not less than seventy-two (72) 

hours after placing, or until the concrete has thoroughly hard- 
ened. The methods of heating the materials and protecting the 
concrete shall be approved by the Engineer. Salt, chemicals or 
other foreign materials shall not be mixed with the concrete for 
the purpose of preventing freezing unless approved by the 
Engineer. 


CONTINUOUS PLACING 

(52) Concrete shall be deposited continuously and as rapidly 
as practicable until the unit of operation, approved by the 
Engineer is completed. Construction joints at points not pro- 
vided for in the plans shall be made in accordance with the pro- 
visions in Section 53 and 58. 


PLACING AGAINST HARDENED CONCRETE 


(53) Before depositing new concrete on or against concrete 
which has set, the forms shall be retightened, the surface of the 
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set concrete shall be roughened as required by the Engineer, 
thoroughly cleaned of foreign matter and laitance, and saturated 
with water. The new concrete placed in contact with hardened 
or partially hardened concrete, shall contain an excess of mortar 
to insure bond, and shall not be placed until the saturated surface 
has become dull through absorption or removal of all excess water. 
CYCLOPEAN CONCRETE 

(54) Cyclopean aggregate shall be thoroughly embedded in the 
concrete. The individual stones shall not be closer to any surface 
or adjacent stone than the maximum size of the coarse aggregate 
in which the cyclopean aggregate is embedded. Stratified stone 
shall be laid on its natural bed. 


REMOVAL OF FORMS 


(55) Removal of forms shall be undertaken only after the 
member cast therein shall have acquired sufficient strength to 
support safely its own weight and the weight of members it, at 
that time, supports. 


DEFECTIVE CONCRETE 


(56) Any defective work discovered after the forms have been 
removed, which in the opinion of the Engineer cannot be re- 
repaired satisfactorily, shall be removed at once and replaced. 
No compensation will be allowed for patches or replacements 
because of defects. Defects shall include honeycombing, or other 
surface blemishes; or portions which through lack of uniformity 
in the concrete render them, in the opinion of the Engineer, in- 
adequate in strength. Improper alignment of outside faces shall 
be considered defective work. 


PATCHING 


(57) Patching where permitted shall be done only under the 
supervision of the Engineer. The cavity to receive the patch 
shall be wetted thoroughly and allowed to stand sufficient time 
for the surface of the cavity to become dull but not lightened in 
color. The patching material shall be of the same material and 
in the same proportions as the concrete receiving the patch. It 
shall be worked into place in a dry consistency and shall be 
thoroughly rammed. The patch shall be built up and supported 
in such a manner as will prevent sagging. 
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CONSTRUCTION JOINTS 


(58) Joints not indicated on the plans shall be so designed and 
located as least to impair the strength and appearance of the 
structure. To prevent laitance in horizontal joints, excess water 
shall be removed from the surface forming the joint after de- 
positing the concrete. Surfaces of contact shall be cleaned and 
wetted before depositing is resumed, and any laitance shall be 
removed. Where additional resistance to horizontal shear is re- 
quired, stones shall be partly embedded in such a manner as to 
key with the adjoining concrete; or mortises or keys shall be 
formed in the concrete. 


SURFACE FINISH OF SHOWING FACES OF BRIDGE 

(59) The whole of a showing face between prescribed construc- 
tion joints shall be cast in one continuous operation. Construc- 
tion joints, when not shown on the plans, shall be made as 
directed by the Engineer, and shall be true to line with sharp un- 
broken edges. 

(60) The same brand of cement, and the same kind and size of 
aggregate, shall be used throughout the whole of any showing 
face. The aggregate shall be approved by the Engineer as to 
character and color. 

(61) For showing faces the forms shall be smooth and water- 
tight. If wood be used, the boards shall be planed, grooved, and 
tongued, evenly matched and tightly placed. They shall be so 
constructed as to be removable in sections by unscrewing or other- 
wise loosening them without hammering or prying against the 
face. Any offsets.in the forms that may occur shall be smoothly 
dressed and any openings pointed flush with stiff clay or plaster 
of Paris in order to prevent leakage or the formation of fins. 

(62) Great care shall be exercised to obtain a uniform dis- 
tribution of coarse aggregate next to a showing face. The con- 
crete shall be worked during placing to force the coarse aggregate 
toward the form of the showing face. 

(63) Face forms shall be removed as soon as practicable in 
order to facilitate effective repair of void spaces or broken corners 
before the surface has dried. Care shall be taken to avoid rough- 
ening or injuring corners, and to keep edges sharp. 

(64) As soon as the face forms are removed any fins or other 
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projections shall be carefully removed, and offsets leveled, and 
any voids or damaged places shall immediately be saturated with 
water and filled with a mixture of the same composition as that 
used in the surface, and brought even with the surface by means 
of a wooden spatula or float. A steel trowel shall not be used to 
finish the surface. The face shall be finished free from streaks, 
discolorations, or other imperfections. Plastering will not be 
permitted. 
SCRUBBED FINISH 

(65) Where so designated on the plans, all exposed or showing 
surfaces shall be given a scrubbed finish. The forms must be re- 
moved and the scrubbing done before the concrete has hardened. 
The surface shall be scrubbed with fiber or wire brushes using 
water freely, until the surface film of mortar is removed and the 
ageregate uniformly exposed; then rinsed with clean water. If 
portions of the surface have become too hard to scrub in equal 
relief, dilute Hydrochloric acid (one (1) part acid to four (4) parts 
water) may be used to facilitate the scrubbing. The remaining 
acid shall be thoroughly removed with clean water. 
BLOCK FINISH 


(66) All surfaces indicated on the plans as having block finish 
shall be rubbed to a smooth even surface and color by rubbing 
with a carborundum block and clean water without the addition 
of cement or other material. 


Readers are referred to the JOURNAL for June 1930 for discussion 
which may develop. Such discussion should reach the Secretary by 
May 1, 1930. 


RECOMMENDED PRACTICE FOR THE MANUFACTURE OF 


CoNCRETE BLock AND BUILDING TILE 


A Preliminary Review 


BY P. M. WOODWORTH, AUTHOR-CHAIRMAN COMMITTEE 708 


Committee 708 was asked to review critically the Tentative 
Recommended Practice for the Manufacture of Concrete Build- 
ing Block, Building Tile and Brick in the light of the rapid 
developments in the industry in the last few years and present to 
the 26th annual Convention a preliminary report which might 
serve to develop the discussion and the further data needed for a 
complete revision of the 5-year old document. Here will be 
found emphasis on serious new factors which had not become 
conspicuous in the industry half a decade ago. This is on the 
program for Convention discussion.— EDITOR 


Since former Committee P-6 presented proposed Recom- 
mended Practice for the manufacture of Concrete Building Block, 
Building Tile and Brick adopted as tentative in 1925 (P-6— 
A-25T), the production of concrete block has more than doubled. 
One of the principal factors in this marked growth has been the 
increasing use of concrete masonry for above grade construction. 
With this development a number of physical properties of the 
concrete unit, in addition to strength, absorption, and permanence, 
are of increasing importance. These factors are fire resistance, 
sound insulation, heat insulation at low temperatures, shrinkage 
of wall sections, nailability surface texture and weight per square 
foot of wallarea. New methods of molding, proportioning, mixing 
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and curing have been proposed and used to develop in one way or 
another certain of these important properties or to effect manu- 
facturing economies. The use of lightweight aggregates of a 
porous nature, either natural or manufactured, to furnish these 
desirable properties also has necessitated the development of a 
new technique in certain of the manufacturing methods. 

The following comments on the 1925 report of Committee P-6 
are made solely for the purpose of stimulating discussion in order 
that the recommendation may be revised and made representa- 
tive of the best practice followed today. 

The Committee believes that a recommended practice for the 
manufacture of concrete brick should be developed separate 
from that covering concrete block and tile. This recommendation 
is made for the following reasons: 

1. Concrete brick specifications are only tentative and con- 
siderable difficulty is being experienced in making further 
progress. 

2. Relative interest in concrete brick is decreasing. 

3. Research work would be greatly increased if brick were in- 
cluded thus retarding progress in concrete block and tile. 

4. Desirable properties in concrete brick are frequently 
different from those of block and tile. 

Various divisions of the 1925 report are herewith discussed in 
view of changes in plant practice and more recently developed 
information. 


MATERIALS 


B—Aggregates—In the 1925 report no mention is made of 
burned shale or cinders as suitable aggregates for concrete units 
other than in the general clause “‘other approved inert materials.” 
The widespread and growing use of these aggregates for the manu- 
facture of lightweight units indicates that they deserve more than 
passing mention. 

It is questionable whether the phrase ‘‘strong, durable grains”’ 
is descriptive of an aggregate such as cinders or Haydite. In 
addition a limit should be set up for the combustible content of 
the cinders. On the basis of the tests at the Underwriters’ 
Laboratories, 20 per cent has been fixed as the limit to receive the 
Inspection Service for a three-hour fire retardant rating. It is 
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possible that this per cent should be increased. The use of the 
colorimetric test as a basis for rejection of a fine aggregate has 
never been practiced and might well be deleted from the main 
part of the report. As described in the notes, the colorimetric test 
is only an indication that further tests on the aggregate should 
be made. 

E—Proportions—Proportions had received considerable study. 
Manufacturers are finding that the building trade in different 
sections is showing a marked preference for units with definite 
surface characteristics. These preferences vary from the rough 
coarse texture, used in back-up and in interior walls, to the 
smooth fine sand finish for exposed work. Coarser or finer 
gradings, as the case may be, have been chosen to furnish this 
texture. In general the coarsest grading in line with the desired 
surface texture and density will yield the most economical units 
where fine and coarse aggregates are equal in cost. 

The general recommendations concerning the proportioning 
of aggregate in this report are still standard practice. The in- 
creased use of concrete products for above grade construction 
has created a demand for products with a comparatively rough 
texture. This demand is an outgrowth of the practice of applying 
either stucco or plaster directly to the unit. In the manufacture 
of light-weight units, the use of smaller amounts of fines, i. e., 
material passing a fifty mesh sieve is becoming general in some 
localities. This is being done with the thought that lighter 
weight units are obtainable in addition to rough texture. Uni- 
formity of grading is an increasingly important feature in the 
’ production of block. Proportions must be controlled so that a 
unit is produced which will meet the American Concrete Institute 
or local building code requirements economically with the desired 
surface texture. 

The strength specifications for heavy and non-load bearing 
units have been dropped as such, but the same intent is still 
written into the specification for concrete block and tile. The 
manner of stating the absorption requirement should be simpli- 
fied so that reference to unit weight of the product is unnecessary. 
The simple method of stating absorption requirements in pounds 
per unit might well be incorporated in the block and tile specifica- 


tions. 
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In this section of the code, the absorption requirements could 
be more simply stated as follows: 

Building block or tile shall not absorb more than 14 pounds 
of water per cubic foot of oven dry concrete. 

For an average three-core 8 x 8 x 16 concrete unit with 36% air 
space this absorption is equivalent to 5 pounds per unit 
irrespective of the type of aggregate or the weight of block. 

This would delete the qualifying clause regarding absorption 
limits and unit weight and serve to clarify this part of the speci- 
fication. 

MANUFACTURE 


A—Consistency—The most desirable consistency for tamped 
products—“‘as wet as possible”—has had almost universal adop- 
tion in products plants for the commonly used aggregates. In 
the manufacture of lightweight units, however, the tendency is to 
make the block a trifle drier in order to obtain the desired rough 
surface texture which will have excellent bonding qualities. 
Also where very fine material is used, that is, aggregate with a 
fineness modulus of less than 2.80, too much water can be in- 
cluded to get maximum strength. There has been a considerable 
development during this period in the utilization of high fre- 
quency vibration to consolidate the concrete. Drier consistencies 
are used in conjunction with slightly longer vibration periods. 
Further studies should be made to determine the most desirable 
consistency to be used with this method and to learn how to take 
full advantage of this method of compacting concrete. 

B—Mizxing—In general the mixing time has been gradually 
increased during the past five years. Plants using a total mixing 
time of about five minutes are greatly in the majority. Indications 
are that some plants are going too far in the length of time of 
mix; not that the concrete is injured but that the additional cost 
of mixing is too great. In the manufacture of lightweight units it 
is claimed that the technique of mixing has important influence 
on the results obtained. Split time mixing, that is, mixing the 
aggregates and water either all, or in part, for a one or two minute 
period before the addition of cement has found many advocates. 
The advantage of this practice is explained on the basis that a 
lighter and stronger block is being obtained by filling the vesicular 
cavities with water instead of cement paste. Mixing recom- 


Manufacturing Practice for Block and Building Tile 495 


mendations for the different types of aggregate should be for- 
mulated. 

C—Compacting—There has been no material change in the 
principle for equipment for making a block by the tamp process. 
Machinery has been developed which has speeded up production, 
however. The conclusions reached in the investigation by 
Committee P-6 on the effect of tamping should be studied and 
incorporated in this report. There have been a number of vibra- 
tion machines placed on the market in the last five years. A 
vibration speed of about 3,000 to 3,500 R. P. M. is general. 
Some advocate higher speeds. The period of vibration is varied 
between ten to fifty seconds to suit the consistency of the mix, the 
type of units and type of machine. The importance of this 
method of compacting should not be underestimated as it offers a 
number of advantages where strong dense concrete is desired. 

D—Curing—With developments in the use of concrete masonry 
units in above grade construction, for back-up, enclosure and 
partition walls, the method of curing the units has assumed 
increased importance. The use of wet or green block in this type 
of construction will tend to produce shrinkage cracks which are 
objectionable. In order to develop a desirable strength, a period 
of moist or steam curing is necessary. This should be followed by 
a definite drying out period in order that the units may be de- 
livered to the job in an air dry condition. 

The relative value of different methods of curing has long been 
a live question. Numerous investigations, mostly with low 
pressure steam and fog spray systems have developed standard 
practices for these two methods. Recent investigations indicate 
that steam curing at high temperatures and low pressures are 
detrimental to the ultimate strength of the concrete. On the 
other hand, high pressure steam curing similar to the treatment 
given sand lime brick has been found to have a decidedly bene- 
ficial effect, especially upon early strength. The use of this 
method, however, has not been general in products plants, first 
because the initial cost for equipment is comparatively high; 
second because of the meager information as to the value of this 
method of curing. 

Fuel costs for high pressure steam curing have been found to be 
approximately that of low pressure steam curing. High pressure 
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steam curing may offer considerable possibilities as a curing 
method in the development of the ultimate strength of the 
product at an early age, thus reducing the necessity for large 
stock piles. 

Another method of curing consists of the use of air at a tem- 
perature close to 212° F. with as high a humidity as it is possible 
to maintain. The heating unit utilizes either a good grade of 
coke or an oil burner, and is directly connected to the curing 
chamber. All the warm air and combustion gases are drawn into 
the curing room and then re-circulated through the heating 
system by means of a large fan. Small atomizers are connected 
to a hot water coil in the furnace and spray moisture into the 
curing room. It is said that by this method, high strength and 
dry units can be obtained after eight to twelve hours of curing 
without any detrimental effects. 

Shrinkage—The extent of shrinkage in any masonry wall 
after erection is an important factor. Excessive shrinkage may 
cause the formation of unsightly cracks. For the most part, 
cracking in concrete masonry walls is due to faulty construc- 
tion such as inadequte footings or improper bonding between 
different types of masonry and structural members. There are 
instances, however, where cracks were probably caused by 
shrinkage in the wall. Preliminary studies have indicated that a 
large portion of the shrinkage, occurring in a concrete masonry 
wall, can be eliminated by the use of air dry units. The methods 
used by the products manufacturer in curing and subsequent 
treatment prior to erection have an important bearing on the 
shrinkage. Such high pressure steam curing studies on concrete 
products as have been made indicate that shrinkage is largely 
eliminated when products are cured by this method. Different 
curing methods and treatments should be studied, for their effect 
on strength, shrinkage and reduction of cost of manufacture. 

Temperature Insulation—Reliable information regarding the 
insulating properties of concrete block, especially those made with 
sand-gravel or limestone, is not available. The assumptions are 
usually based on 90% of the heat loss of a plain concrete wall. 

Cinders and Haydite, because of their cellular structure, impart 
a considerably higher insulating value when used in the concrete 
unit. It has been found that the density of the material is a 
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major factor in determining the insulation properties of a ma- 
terial. Tests should be conducted to develop data regarding the 
insulating qualities of different gradings of all the commonly used 
aggregates. These data should also include studies on the effect 
of different types of walls of which an 8-inch concrete unit is the 
base. Some studies made to date indicate that those gradings of 
aggregates which may give the best results for one condition, for 
example fire resistance, may not be best for other results ‘such as 
sound insulation, or even heat insulation at lower temperatures. 

Sound Insulattcon—The sound insulation characteristics of a 
concrete masonry wall are another factor where sufficient data of 
an authoritative nature are not available. The effect of grading 
and surface characteristics of the units on the sound absorption 
properties should be determined. 


SUMMARY 


As outlined in the above discussion, further research into 
manufacturing details is necessary so that the processes, whereby 
desirable qualities of a concrete unit are enhanced, will be 
standardized. The principal factors to be studied are as follows: 

1. Manufacturing technique for different types of aggregate. 

2. The effect of different curing methods upon early strength, 
shrinkage and cost. 

3. The effect of grading on sound insulation and acoustics. 

4. Evaluation of all desirable properties of concrete masonry 
to produce a unit that gives the most satisfactory results for the 
different uses to which it is to be put. 

5. Factors affecting weather resistance ard the development 
of an accelerated weather resistance test. 


Readers are referred to the JouRNAL for June 1930 for discussion 
which may develop. Such discussion should reach the Secretary by 
May 1, 1930. 


DESIGN OF CONCRETE PrRopucTs PLANTS FOR SINGLE 


oR MULTIPLE SHIFT OPERATION 
BY BENJ. WILK*, AUTHOR-CHAIRMAN COMMITTEE 707 


The subject assigned to Committee 707 1s not one that lends 
itself to the usual form of report. Plant operation on double 
shift is with a few exceptions a theory in the products field and a 
majority committee report 1s not the end sought. But for these 
exceptions ‘double shift” 7s a potential development. Mr. Wilk 
has here furnished the foundation of a discusston—a discussion 
which necessitates some analysis of operation and it should 
serve as the basis of contributions that will bring up operating 
conditions for closer scrutiny in the convention where this report 
will have formal presentation and further in the pages of this 
JOURNAL. The report has been referred to several competent 
critics to start the discussion. Before multiple shift plants be- 
come general—if they ever do—the entire operating program 
may be improved by analysts.—Epi1Tor 


INCREASED use of concrete products during the past ten years 
has led to the establishment of a number of large plants each 
producing over a million units annually. These new plants have 
usually been well equipped. At the same time many smaller 
plants have increased their production without adding greatly 
to their plant equipment. 

These two developments have helped to bring to the front a 
question that seriously effects the design of concrete products 
plants for economical production. That question is: Shall a 
plant be designed for single or multiple shift operation? 

From a theoretical standpoint there is much to be said in favor 
of multiple shift operation. A plant that is equipped to produce 
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500,000 units annually, with a single shift, from a theoretical 
point of view could produce one million units with two shifts. 
This would mean cutting the overhead costs practically in two, 
which in many cases would amount to a large item, and frequently 
would mean the difference between success and failure. 

Looking at this problem, however, from a practical standpoint, 
the picture is quite a bit different. 

In order to bring the problem to a working basis we will assume 
we are going to place a plant in a market where we want to 
produce one million equivalent eight inch block annually, and 
the plant is to operate 250 days per year to secure this volume. 
This market would require that we make twelve inch block, eight 
inch block, rockface block, specials and slabs. 


DESIGN OF PLANT 


One million units per year of 250 days, or 4,000 per day, each 
weighing 50 lbs. means an average of at least 40 lbs. of aggregate 
per unit, or 160,000 lbs. of aggregate per day. Allowing for 
fifty per cent for peak demand means 240,000 lbs., or 120 tons 
per day, the equivalent of slightly more than two carloads of 50 
tons each. , 

Shall we have a siding, conveyors, and overhead bins, or shall 
we handle solely with trucks. 

In our proposed market we find the spread between truck de- 
livery and rail delivery to be approximately twenty-five cents 
per ton. Rail delivery is available only seven months a year. 
Using 80 tons average per day, the twenty-five cent per ton 
saving means twenty dollars per day, over the rail delivery period 
of 175, or $3,500.00 per year. Figuring twenty per cent for 
depreciation, interest on investment and repairs, anything under 
$17,500.00 for bins, conveyors and siding, would be spent to ad- 
vantage. This does not take into account the saving in handling 
ageregates from over-head bins as compared with other methods 
of handling. 

SELECTION OF MACHINES 


To obtain one million units annually, we shall assume for 
simplicity’s sake, two stripper machines on twelve inch block 
giving an output of 1,600 twelve inch or 2,400 eight inch equl- 
valent per day; one eight inch stripper machine giving 1,000 
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eight inch block per day; and one downface machine for rockface 
block, slabs and specials, producing 600 units per day, a total of 
4,000 equivalent units per day. 

This choice of equipment is based on actual experience where 
we have found that an economical method of producing block 
is to have one man on a machine, making, off-bearing, and placing 
in curing rooms. This may sound uneconomical, because the 
machine is not working to its fullest daily capacity, but observa- 
- tion in other plants, as well as in our own, proves that the one man 
per machine idea, for day in and day oat operation in a well laid 
out plant, is a low cost method of production. It is not neces- 
sarily the only low cost method of production. In fact in plants 
manufacturing more than one million equivalent units annually, 
larger machines have proved satisfactory. 

To supply the four machines assumed for our proposed plant, 
we will use overhead bins and two mixers so placed that we can 
dump into two machines from each setup. 

For curing 4,000 equivalent eight inch block daily, we would 
require at least six curing rooms each eight feet wide and sixty 
feet long. 

SINGLE OR MULTIPLE SHIFT 


This brings us directly to the single or multiple shift question. 
In determining where we can save in the design, let us start with 
the unloading. Any conveying equipment worthy of the name 
will unload two to three cars of aggregate in a single shift. There- 
fore, in one shift we can unload all of the raw materials we need 
daily for our plant. 

Now as to the machines. The rockface, slabs and specials 
demand is not large and only one shift a day would be necessary 
to take care of this demand. An average of one thousand eight 
inch block, or only one shift will take care of the eight inch de- 
mand. The twelve inch production of 1,600 daily can be taken 
care of either with two machines running only one shift, or one 
machine running two shifts. This means that if we decide to use 
a night shift we will run only one twelve inch machine during the 
night, but we will save an investment of one twelve inch machine 
costing about twenty-five hundred dollars. 

The number of pallets and racks required would be the same 
for both the single and double shift plants, but there would be the 
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disadvantage in the two shift plant of taking out pallets during 
the night if twenty-four hours curing were the general practice. 
If night piling were not done then more curing rooms, pallets and 
racks would be required. With up-to-date curing methods we 
will assume that all of the block in the two shift plant can be 
taken out during the day shift hours. 

In analyzing night work we have found that to get good men to 
work at night we have had to pay a bonus of ten per cent above 
the day rate, even on a piece work basis. Repairs have been 
greater during the night shift, and there has been more breakage. 
Men are not as regular in attendance at night as they are during 
the day. One man missing from a small night crew disorganizes 
the entire crew, causing a decrease in production. Sometimes one 
absentee means that the remainder of the crew will not work that 
particular shift. Frequently the night shift, especially with green 
men, will so misuse a machine that it will take several hours in 
the morning to get it ready for the next shift. 

If these troubles are to be avoided then it is necessary to have 
as efficient night supervision as day supervision. This costs 
money, and for one machine producing 800 twelve inch block 
per night, or less than one-third of the entire day’s production, 
such supervision would be uneconomical. 

Again, at the best, night shifts on the two shift plan would work 
only six to eight months per year, and it would be difficult to 
recruit a new and efficient gang for night work after men have 
been laid off from four to six months. 

Apparently, the only definite saving in a multiple shift plant 
such as we are studying, is in the single machine costing 
$2,500.00. Hight per cent on this investment is $200.00. This 
is a very small saving as compared to the extra cost of working 
a night shift. 

A very recent investigation among large automobile plants in 
Detroit, where night work is a common practice and frequently 
- continues almost all year, has brought the following comments: 

“Day shift has about twenty per cent less scrap, and accidents 
are much lower on day shifts than on night shifts.” 

‘““Absentees run higher on the night shifts.” 
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It would not be desirable to run a night shift unless absolutely 
necessary, if we cannot depend upon employees to be present; if 
we find the quality unsatisfactory; and if we note an increase in 
accidents. 

From the standpoint of production it might be different in an 
unusually large plant where one machine producing three to four 
thousand equivalent eight inch block per shift could produce in 
two shifts all the block necessary for a production of 1,500,000 
block, annually. But if eight inch and twelve inch block were 
desired frequent changing of the machine would be necessary. A 
machine would have to work a certain number of days or weeks 
on twelve inch and then change to eight inch block. A large 
enough stock would have to be carried to tide over the periods 
of non-production on each size. The cost of making changes 
could be fairly well determined by figuring five hours to make 
the change each time. Assuming twenty-four changes per year, 
and cost of changing to be at least one dollar per hour for 120 
hours, the total would be $120.00 per year. 

In case of a breakdown in a plant depending upon one nachna 
day and night, the loss in production is considerable, especially in 
case of a major repair. Where two machines are used in a single 
shift plant and major repairs are necessary on one machine, then 
the other machine can take the increased load so as not to lose 
production. 

A plant must expect breakdowns of approximately five per cent 
of the working time, and machines must be looked after carefully. 
If a machine is running day and night it cannot be given the 
attention that could be given to a machine running only one shift 
per day. The loss in production due to a breakdown in a two 
shift plant, especially during rush pericds, might easily pay the 
interest on the investment in a second machine. 

Depreciation per unit of production is the same whether a 
machine is worked single or multiple shifts. A machine has a life 
of a certain number of block, say one or two million, and not a 
life of a certain number of days or years. If a machine produces 
one million block in two shifts per day, it will last about one-half 
as long as a machine working at the same speed one shift per day. 

There is also another factor to take into consideration which 
cannot be given a specific value, and that is the question of ex- 
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pansion. No one can tell when a plant is built exactly how much 
of a demand will be created. We may design for one million units 
and then find we must meet an unexpected demand for a million 
and a half units. In a plant for single shift operation the peak 
demand could be taken care of by a night shift temporarily, but in 
a plant designated for multiple shift operation there would be 
little chance to build up production to meet this increased de- 
mand, without a considerable expenditure for additional plant 
and equipment. 

It is difficult to generalize the design of a plant, because so 
much depends upon local conditions and in each case a careful 
analysis of layout and equipment must be made to secure lowest 
unit cost and dependable manufacturing conditions. 

From this analysis we find in the multiple shift plant: 

1. Shghtly lower investment. 

2. Higher production cost at night due to 

(a) Bonus for night work 
(b) More breakage on night shifts 
(c) More accidents on night shifts 
(d) Need for additional] supervision 
In the single shift plant we find: 
1. Greater flexibility in handling machines. 
2. More uniform production. 

3. Better quality of product. 

4. Opportunity to meet unexpected demands and less ma- 

chinery trouble. 

5. Better supervision. 

6. Lower unit cost of production. 

On the basis of this comparison it is evident that in the con- 
crete products industry the single shift plant is to be preferred 
over the multiple shift plant. 

Readers are referred to the JoURNAL for June 1930 for discussion 
which may develop. Such discussion should reach the Secretary by 
May 1, 1930. 


Some TEstTs OF CONCRETE Masonry Units CuRED 
witH HicgH PRESSURE STEAM 


BY P. M. WOODWORTH* 


Mr. Woodworth’s paper, accompanying a revival of interest 
in a subject actively discussed 15 to. 20 years ago, raises ques- 
tions which may be faced with a greater incentive to find the 
answers. Products men are interested in high early strengths 
and in taking out initial shrinkage. If high pressure steam 
curing will give consistent results the high cost of the equipment 
is less a factor in the industry than tt was a decade ago. There 
is also the old question whether all the available cements will 
react favorably to this treatment. This 1s scheduled for conven- 
tion presentation and discusston.—EDITOR 


INTRODUCTION 


THE RELATIVE value of different methods of curing of concrete 
products has long been a live question. Numerous investigations, 
with low pressure steam and fog spray systems, have developed 
certain standard practices for these two methods. Tests by Wigt 
and others have shown that high pressure steam curing has a 
decidedly beneficial effect, especially upon early strengths. The 
use of this method, however, has not been general in products, 
first, because of the comparatively high initial cost for equipment 
and second, because of the meagre information eu Manel as to 
the value . this method. 


PURPOSE AND SCOPE OF TESTS 
The main purpose of this investigation was to obtain data 
concerning the effect of high pressure steam curing on: (1) Early 


*T echnical Engineer, ee Products Bureau, Portland Cement Association, Chicago, Il, 
+Technological Paper No. 5, U. 8. Bureau of Standards, 1912, 
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strength, (2) Ultimate strength, (3) Strength as affected by time 
interval between molding and curing. 


In addition to the strength tests, shrinkage measurements 
were made on small masonry panels built with units cured in 
steam at high and low pressures. 


The investigation included compression tests on 152 5 by 334 
by 12-inch, two rectangular-core, closed-top tile, at the ages of 2, 
9 and 28 days and 1 year. The 1-year specimens will be tested 
in April, 1930. Three specimens for each age were tested ‘‘as 
cured” and three specimens were immersed in water for 18 hours, 
capped and tested 6 hours later. The specimens were made in 
four groups and cured in the following manner: 


Group Method of Curing 
High Pressure Steam: 

1 14, 4, 8 and 24 hr. after molding, specimens cured for 121% hr. 
in saturated steam at 100 lb. gage pressure and then stored 
in air until test. 

Steam: 
2 4 hr. after molding specimens cured for 121% hr. in saturated 
i steam at 125° F. and then air-cured until test. 
HPS 

3 6 hr. after molding specimens cured under damp straw for 24 

hr, and then air cured until test. 
Moist. 

4 Specimens cured under damp straw for 42 hr. Moist cured at 

70° F. until test. 


MATERIALS AND METHODS 


The investigation was conducted at the plant of the Crume 
Brick Co., Dayton, Ohio. In the manufacture of tile at this 
plant, the molds are vibrated in order to consolidate the concrete. 
The plant had facilities for both low pressure and high pressure 
steam curing. 

Portland cement from fresh warehouse stock was used. 

Aggregates for the tile consisted of bank sand and crushed 
gravel obtained from the sidehill pit of the Crume Brick Co. 
The sand was graded up to the No. 8 sieve and the crushed gravel 
from the No. 16 sieve to 3¢ inch. 

Mixing water was from the available plant supply. 
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The plant methods of the Crume Brick Company were used in 
the manufacture of the tile and were as follows: 

The cement, and fine and coarse aggregate were mixed in the proportions of 
1:4:6 by volume. Two-sack batches were mixed in a 14 cu. ft. Blystone mixer, 
1 minute dry and 5 minutes wet. The amount of water required to produce the 
desired consistency was found to be equivalent to 81% gal. per sack of cement 
corrected for absorption of aggregates. 


A two-sack batch was sufficient to make about 170 tile or 85 tile per sack of 
cement. Concrete somewhat in excess of the amount required to fill the molds 
was then placed in a 24-gang sheet stcel mold and vibrated continuously for 
50 seconds. The consistency was such that after vibrating for about 20 seconds 
mortar appeared through the slots in the side walls of the mold. After vi- 
brating, the excess concrete was screeded from the top of the mold and the 
tile lifted from the cores. The gang molds were then stacked upon industrial 
cars which later were run into the curing chambers. 


CURING 

High Pressure Steam Curing—(Group 1)—High-pressure curing 
was accomplished in a steel cylinder 60 ft. long and 6 ft. in 
diameter which was one of a battery of five regularly used in the 
production of sand-lime brick. The same curing regularly given 
the sand-lime brick was used for the concrete specimens 
which was as follows: 

The specimens, in the gang molds on industrial cars, were wheeled into the 
curing chambers and the head of the cylinder bolted in place. The steam was 
then turned on, the air exhausted, and the pressure gradually increased to 100 
pounds. This operation required about 3 hr. The pressure was maintained 
for 8% hr. after which the steam was exhausted from the cylinder in one-half 
hour. The head was then removed and the specimens allowed to cool in the 
molds in the steam cylinders from 3 to 4 hr. when they were removed from the 
molds and stacked in the plant in such manner as to obtain free circulation of 
air around them until shipped. 

Steam Curing—(Group 2)—The cars containing the gang molds 
were run into the center section of a low pressure steam tunnel 
60 ft. long provided with canvas curtains or partitions 12 ft. apart. 
A temperature of about 125° F. was maintained for 10 hr. Gage 
pressure reading on the steam line averaged about 4 lb. After 
this treatment, the specimens were removed from the molds and 
stacked in the plant in the same manner as the high pressure 
steam-cured specimens. 

Air Curing—(Group 3)—The specimens in this group were 
cured in the gang molds under wet straw for 24 hr. They were 
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removed from the molds 48 hr. after molding and air-cured in the 
plant until shipment to the laboratory. 

All specimens in the above 3 groups to be tested at 9 and 28 days 
and 1 year were shipped to the Laboratory when 3 days old. They 
were carefully packed in straw in cardboard containers holding 
two tile each. The specimens were in transit four days. Upon 
arrival they were unpacked and stored until tested in a room 
where the relative humidity was maintained at 50% and the 
temperature at 70° F. 


Gs: 
Ss 
S 
S 


? 


Ny 
G 
sw) 
D 


in Gross Area 


Dy 
s 
S 
S 


? 


Cas 
g 
Ss 


Tested Damp. 
----- Tested as Cured 


Compressive Strength lb.per sq. 
Ss 
8 
a) 


2 9 26 
Age in Days 


Fig. 1—EFrrecT OF CURING AND CONDITION AT TEST ON COM- 
PRESSOR STRENGTH OF VIBRATED CONCRETE TILE 


Moist Curing—(Group 4)—Moist-cured specimens were kept 
under damp straw for 42 hr. and then removed from the molds. 
They were kept saturated under wet burlap at the plant until 
shipment to the laboratory when 3 days old. Upon arrival, at 
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TABLE 1—COMPRESSIVE STRENGTH OF VIBRATED CONCRETE MASONRY UNITS 

Compression tests of 5 by 334 by 12-in. concrete tile. 

Portland cement from fresh warehouse stock. ; 

Ageregate—Crume Brick Co. bank sand and crushed gravel graded 03% in. 

Water—S81% gal. per sack corrected for absorption of aggregate. 

Mix 1-4-6 damp, loose volume; 1-9.6 dry weight. 

Concrete vibrated in molds for 50 seconds at 3600 r. p. m. ey 

Specimens removed from molds 36 to 48 hr. after molding and cured in air 
until test. k 

Specimens capped with gypsum 6 hr. before testing. 

Unless otherwise noted each vaiue is the average of three tests made on the 
same day. ; ; 

Values in parentheses are percentages of 28-day strengths of moist-cured tile. 


Age Condi- Compressive Strength 
Before tion _| Lb. Per Sq. In. Gross Area 
Curing Method of Curing When | ———-, ———_ 
—Hr.- Tested | 2 Da.* 9 Da. 28 Da. 


1 |12146Hr.insaturatedsteam| Damp |2250|(144)|1820|(117) |1890|(121) 
at 100 lb. gage pressure|As Cured |2900|(186) |2500|(160) |2550|(164) 

then air-cured at 70° F. 

4 121% Hr. in saturated steam} Damp _ |2440|(157)|2020|(131) |2060)(132) 
at 100 lb. gage pressure|As Cured |2960](190) |2560|(164) |2620|(168) 
then air-cured at 70° F. 

8 1214 Hr. in saturated steam} Damp _ |2530|(161)|1970|(126) |2150/(1388) 
at 100 lb. gage pressure|As Cured |2760](177) |2580|(165) |2990](192) 
then air-cured at 70° F. 

24 |1214Hr.insaturated steam] Damp |2560|(164)|1880|(121) |1990|(128) 
at 100 lb. gage pressure/As Cured |2840](182) |2140|(137) |2740](176) 
then air-cured at 70° F. 

4 121% Hr. in steam at 125°} Damp |1070\( 69)|1000|( 64)|1190|( 76) 
F. and atmospheric pres-|As Cured|1150|( 74)|1270)( 81)|1810)(116) 
sure then air-cured at 
Oza He 

6 1214 Hr. under damp straw| Damp | 770|( 49)|1110|( 71)|1310|( 84) 
at plant temperature|As Cured|1060|( 68)|1360|( 87)|1930|(124) 
then air-cured at 70° F. 

QO |48 Hr. under damp straw} Damp | 860|( 55)/1190|( 76)|1560}|(100) 
at plant temperature 
mee moist-cured at 70° 


*2-Day Tests made on 200,000 lb. Testing Machine at Bowser-Morner Testing Laboratories, 
Dayton, Ohio. 


Tests at later ages made on 300,000-lb. Testing Machine at Research Laboratory of Portland 
Cement Association, Chicago. 


age of 7 days, they were stored in a moist room at a temperature 
of 70° F. and a relative humidity of approximately 100%. 
METHOD OF TESTING 
Moist-cured specimens were tested damp; for the other 3 
methods duplicate sets of specimens were made, 1 set being 


tested ‘“‘as cured” (in a room-dry condition) and the other set 
after soaking in water at 70° F. for 18 hr. The 2-day specimens 
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were tested in a 200,000-lb. hand-operated hydraulic testing 
machine at the Bowser-Morner Testing Laboratories, Dayton, 
Ohio. Compression tests at the other ages were made in a 300,000- 
Ib. testing machine at the Research Laboratory of the Portland 
Cement Association, Chicago. All specimens were capped with 
plaster of paris on both bearing surfaces the day of test and were 
loaded through a spherical bearing block placed on top of the 
specimens. 
DATA AND DISCUSSION OF TESTS 


Table 1 gives results of compression tests on the tile for the 
different methods of curing at ages of 2 days to 28 days, and 


Steam Curing Cylinder No.3 
Crume Brick Co, Dayton, Ohio. 
Glinder Closed 6:30PM April 3 ste 

Full Pressure 9:40PM ~ 
Blow-off G: SoAM April ¥, 129 
Cylinder Opened 7:30AM - ° 
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Fig. 2—PRESSURE GAGE CHART FOR HIGH PRESSURE STEAM 
CURING CHAMBER. 


strength ratios based on tests of the 28-day moist-cured speci- 
mens used as the basis of comparison. The principal strength 
relations for the different. curing methods are shown in Fig. 1. 
Pressure gage readings are shown in Fig. 2. The average tem- 
perature outdoors at the plant during the making of specimens 
was about 48° F. 

Age-Strength Relations—The curves in Fig. 1 show the com- 
pressive strengths of the tile at different ages. By means of these 
curves the various methods may be readily compared. In general 
high pressure steam-curing had a decidedly beneficial effect on 
the strength at all ages. 


510 JovuRNAL oF THE AMERICAN Concrete InstiruTE—Proceedings 


Early Strength—The 2-day strengths of the tile which were 
steam cured for 1214 hr. at 100-lb. pressure were about 55% 
higher than the 28-day strengths of the moist-cured tile, and 
were more than double the 2-day strengths of tile cured in low ~ 
pressure steam. These comparisons are on the basis of specimens 
tested in a damp condition. 


28-Day Strength—The strengths of the high pressure steam 
cured tile show a general downward trend between the ages of 
2 and 9 days followed by an increase in strength between the 
ages of 9 and 28 days. The reason for the falling off in strength 
at 9 days for each of the different groups of specimens cured with 
high pressure steam is not apparent and this point should be 
given further study. 


Effect of Time Interval Between Molding and Curing—The 
curves in Fig. 1 show that the time elapsing between molding and 
placing the tile in the high pressure steam curing chamber did 
not have an appreciable effect on compressive strength except 
in the case of the units placed in the curing chamber ¥% hour after 
molding. In this case the strengths averaged about 90% of those 
obtained for the other intervals which ranged from 4 to 24 hr. 


Other Curing Methods—The strengths of low pressure steam 
cured and air-cured tile tested in a room-dry condition were 
generally higher than the moist-cured tile tested wet, but when 


tested damp they showed about the same or slightly lower 
strengths. 


Shrinkage Studies—Supplementing the strength tests, shrink- 
age measurements were made on 3 panels laid up with units 
cured in high pressure and low pressure steam. In these studies 
the following methods were used: 


Masonry panels one unit wide, two units deep and thirteen 
units high were laid up using a 2¢-in. mortar joint of 1-1-6 cement- 
lime mortar. The dimensions of the finished panels were 12 by 
8 by 70in. Thin metal ties were used as a bond between the two 
individual walls of the panel. Gage points were placed near each 
of the 4 corners so to establish four gage lines over which shrink- 
age measurements could be made. The gage length included 12 
units and eleven mortar joints and was approximately 64 inches. 
Readings were made with a 1/1000-in. Ames dial mounted on a 
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2-1n. pointed steel rod. These readings were made immediately 
after erection of the panels and continued for a period of 230 days. 

Following are details of the three panels: 

Panel No. 1—High pressure steam-cured units laid up in a 
room-dry condition at the age of 15 days. 

Panel No. 2—High pressure steam-cured units immersed in 
water for 24 hr. with subsequent air drying for 6 hr. previous to 
laying up in the column. This simulated the worst condition 
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Fic. 3—SHRINKAGE OF CONCRETE MASONRY PANELS. 


likely to occur in the field so far as moisture content of units is 
concerned. The units were 15 days old when laid up in the panel 
and contained 5.0% moisture by weight. 

Panel No. 3—Low pressure, steam-cured units were laid up 
when 15 days old after soaking in the same manner as the units 
in panel No. 2. Their moisture content was 5.8% by weight. 


A study of the curves in Fig. 3 shows that the maximum change 
for Panel No. 1 was practically .05 in. per 100 lineal ft. of wall. 
Panel No. 2 had a maximum shrinkage of approximately .22 in. 
per 100 ft. of length, which was about one-half that (.45 in. per 
100 ft.) obtained with Panel No. 3 in which low pressure steam- 
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cured units were used. The measurements on these three panels 
clearly indicate that high pressure steam curing greatly minimized 
the shrinkage of the panels and where air-dry units were used 
(Panel 1) the shrinkage was practically nil. 


SUMMARY 


The more important indications from the results of the tests 
are as follows: 

(1) Urits cured in high pressure steam developed strength at 
two days greatly in excess of the strength obtained at 28 days by 
moist curing, air curing or low pressure steam curing. 

(2) Although there was an apparent retrogression in strength 
of the high pressure steam-cured units between the ages of 2 and 
9 days, there was a slight increase in strength between the ages 
of 9 and 28 days in all cases. 

(3) The interval between molding and curing in high pressure 
steam did not have an appreciable effect upon the compressive 
strength of tile steamed 4, 8 and 24 hr. after molding but units 
steamed one-half hr. after molding had about 90% of that ob- 
tained for longer intervals. 

(4) High pressure steam curing greatly reduced shrinkage of 
concrete masonry panels laid up with wet units and when air- 
dry units were used the shrinkage was practically nil. 


CONCLUDING REMARKS 


It is believed that high pressure steam curing has possibilities 
as a means for developing concrete products having high early 
strength and low shrinkage when laid up in masonry walls. The 
results of these tests should not be construed as conclusive. 
Additional information concerning the effect of high pressure 
steam curing on strength of units shrinkage of masonry walls 
using different aggregates, methods of molding, consistencies, 
gradings, durations and variations of pressure should be obtained 
before definite conclusions concerning the value of this method of 
curing concrete products can be drawn. 


Readers are referred to the Journal for June, 1930 for discussion 
which may develop. Such discussion should reach the Secretary by 
May 1, 1930. 
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PRESIDENT’s ADDRESS 


At the 26th Annual Convention 


BY EDWARD D. BOYER 


A QUARTER-CENTURY ago there was organized in Indianapolis 
an association through which its members sought to share their 
rather incomplete knowledge of a relatively new construction 
material and increase that knowledge, so that they might do 
their own work more confidently and more efficiently, and better 
serve the engineering profession and the general public. 

That was the National Association of Cement Users which 
with a change of name seventeen years ago became the American 
Concrete Institute. 

For a number of years the Institute struggled for existence. 
Its members were few, its treasury depleted, and it was having 
great difficulty in paying for the printing of its annual Proceedings. 

In 1914 Mr. Wason became president, followed by Dr. Hatt 
and Mr. Turner and with their efforts and persistent work the 
Institute took on a new lease of life. In 1920 the membership 
was 426; today it is about 2750 and I trust that before another 
ten years this membership will be where it should be—well 
over 10,000. Today we have a very substantial balance in the 
treasury and our bills are promptly paid. 

’ As I pass on the office of president to my successor I would 
. like to tell you why I think the material concrete can be made 
to serve the engineering profession very much better than it 
has ever done—and that without any apology for what it has 
done in the past. 

Concrete appeals to the imagination. Its development has 
been quick and romantic. It has seemed a tractable, a willing 
servant of mankind. Plastic, accommodating, by the special 

(518) 
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magic of its ingredients—a manner of magic, that even our wisest 
chemists do not yet fully understand—this plastic, accommodat- 
ing conglomeration, in a short time solidifies to a veritable 
rock-of-ages. Now because of facility of accommodation, seem- 
ing ease of manipulation, this pliant service to whatever might 
be required, everyone dabbled with it. All over the land was 
soon heard the roar and grind of crushers disintegrating the hills 
into convenient particles and of mixers stirring those particles 
with water and the mysterious gray powder. Could anything 
be more simple? Engineers and farmers, municipalities and 
states, every back-yard putterer with a block machine—all 
doing their share in remolding rocky landscapes into serviceable 
concrete. 

But as always, there are those who will not let things go on 
haphazard. They are always asking “why” and “how” and 
“what happens.” ‘They are forever bedeviled with a violent 
urge to know. Their very sleep is disturbed by visions of a 
better way. 

Here was concrete—strong, willing, cheap, as simple as mud. 
But they had to take it into the laboratory and weigh and measure 
and test, and go out on the job and pester everybody about better 
methods, more exact methods, more constant and unwavering 
methods. The concrete industry has never had the relaxation of 
smoking jacket and slippers. 

Now, most of these strivers after a better way with concrete 
were members of the American Concrete Institute. I am ready 
to resist any contradiction of the statement, that the American 
Concrete Institute is the hardest working of all engineering 
associations. Its annual conventions have worked eight to ten 
hours a day—they sit up until well after midnight to discuss and 
to adopt forty odd amendments in an effort to create the best’ 
possible, most workable and economically serviceable building 
code under which reinforced concrete construction may come 
into new eras of human service. 

But I am getting ahead of my story! 

From the very first there were those with that foresight which 
revealed new worlds to be conquered in the application of con- 
crete to construction. They were not satisfied with empirical 
formulas for the design of structures nor with empirical mixes for 
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making concrete. They were not satisfied with the brute massive- 
ness of masonry construction nor with the often lusterless gray 
of the surfaces of those masses. They foresaw that more material 
than is needed means waste and that less than is needed means 
disaster. 


They foresaw that with a powder so potent as cement, rule-of- 
thumb methods of proportioning it to the aggregates left much 
to be desired. They foresaw that structural sections might be 
refined from needlessly large and awkward dimensions to thin, 
serviceable lines that would combine grace, economy, and a 
saving of billions of dollars to the building public while presenting 
a more beautiful appearance to the public eye. 


They foresaw that concrete is, after all, a synthetic stone, 
always responding wonderfully to increased accuracy of control; 
that its dominant characteristics should be imparted by the 
particles of aggregate—limitless possibilities of varied color and 
texture. 

These foreseeing minds have been the leaven of the American 
Concrete Institute. In them, through them, research has pros- 
pered. There always has been dominant the attitude that facts 
should show the way. 

The result is this: Never has a construction material been so 
intently, so intensively studied. It is doubtful if any material 
has been the subject of so much research. 

If the American Concrete Institute had been organized for 
promotional effort instead of for highly professional and scientific 
study, it could not have built a promotional effort on a more solid 
and enduring foundation. For after all, there is no promotion 
more convincing than the naked honesty of fact. If ever we can 
find out how best to do a piece of work for enduring results we 
can be sure that those results are in themselves the best pro- 
' motional effort. 

In recent years thirty odd committees of the organization have 
studied good design and construction practice in relation to the 
special application or fields of interest to which they were 
assigned. 

Hundreds of individuals—certainly numbering many of the 
best minds in engineering thought—have set down so that all 
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might apply them, the lessons they have learned in their work 
with concrete. 


Annually, these committee reports and papers are presented to 
the American Concrete Institute; they are studied and discussed 
and must pass muster before the combined experience of a con- 
stantly growing membership—a membership more than six 
times as great as it was eight years ago. It is such connotation of 
progress that the American Concrete Institute published in its 
annual volumes of Proceedings. The 25th of these volumes has 
been added to this row of books—not yet a “five foot shelf” 
comprising the sum of human knowledge, but a three foot shelf 
in which is the record of the steps by which concrete design, 
construction and manufacture have come up from haphazard 
guesswork to well-calculated precision. i 


I have referred to vast studies and minute research. The 
American Concrete Institute has not done these things. It has 
no laboratory; it has no employed field force. Nevertheless the 
American Concrete Institute is the technical mouthpiece of the 
industry in which its members are all seekers after progress. The 
American Concrete Institute is a piece of machinery of correla- 
tion, a forum for discussion, a bureau for dissemination. In 
short, the object of the American Concrete Institute is ‘“‘to 
provide a comradeship in finding the best ways to do concrete 
work of all kinds and in spreading that knowledge.” 


And gentlemen, from a thoroughly human standpoint, it is 
a wonderful comradeship. To feel and to understand the spirit 
that actuates the leaders in this field of thought is to begin to 
understand the nature of the progress that has been made in 
our knowledge of concrete and of the technique of its successful 
application, 


Within this comradeship there has been a friendly but insistent 
matching of the dictates of laboratory research to the necessities 
of field methods. The meticulous care of the laboratory cannot 
be set up in the hurly-burly of job conditions, but the constant 
effort of the Institute has been to accept no unworkable formulas. 
Refinements that are not also economiegs—practical and work- 
able economies in the far-sighted and best sense—are certainly 
not worthwhile refinements. 
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Within the forum of the Institute the research man has had to 
see his results weighed in the balances of practice. The big and 
effective work of our organization is to coordinate theory and 
practice. 

The whole program of the Institute is built up carefully to 
reconcile the technical and scientific aspects of good concreting 
with the practical considerations of everyday work—translating 
the conclusions of the laboratory into field and shop practice. 

We are beginning to see the results! 

For eight or ten years there has been more and more emphasis 
placed on a higher degree of quality control—methods at first 
greeted by many practical minds as impossible of attainment on 
the job. 

The Institute has not been satisfied merely to preach better 
concrete, honestly facing and carefully studying every defect for 
its cause, but it has now attained to those riper and more grati- 
fying years in which it is year by year recording the successful 
results of practicing what it has preached. Nor must it be 
imagined that we have attained any final goal—far from it. 

I should be remiss if I did not especially note outstanding new 
enterprises of the Institute. There comes a time when the lack 
of new information is an apparent obstacle to progress. There 
are doubtless many gaps in our knowledge which we should try to 
close but we do not always discover them promptly. The new 
committee work of the Institute is being directed to serve the 
double purpose of determining the nature of those blind spots 
and the means to correct them. 

Notable among the new committee undertakings of the last 
year is the program of the committee on Reinforced Concrete 
Column Investigation, which the Chairman, Mr. Slater, has 
described to you. The purpose of this study of columns is to 
establish the fundamental relationships between the load, elastic 
properties and ultimate strength as affected by such factors as 
quality of concrete, size of column, amount and quality of longi- 
tudinal and lateral reinforcement, rate and method of applying 
load, and effect of continuous loads over long periods of time. 
This information will cost, according to present estimates, thirty- 
five to forty thousand dollars, involving as it does the making and 
testing of more than 500 columns. 
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The American Concrete Institute is sponsoring this effort and 
considerably more than half the needed funds, including the 
direct and indirect contributions of Lehigh University and the 
University of Illinois, are assured. It is believed that the 
knowledge to be gained will be of such value in reinforced concrete 
design as to make the cost insignificant. The funding effort is 
still in progress and I feel it is my duty to urge that further 
contributions be made promptly as an investment toward more 
rational and therefore more economical practice. 

The column tests are devised to give us new information. Yet 
we are frequently impressed by the fact that we are not making 
use of all the information now available. There must be a con- 
stant effort to reduce to definite conclusions and put into common 
practice the knowledge fruits of past experience. Our knowledge 
is recorded piecemeal; it is scattered, uncorrelated, undigested. 
We must bring it together in one basket and sort out of it those 
items of fact which are most significant in our daily work. The 
Institute is undertaking such an enterprise as a part of its present 
committee program. 

Still another work—not at all spectacular but having in it, 
even in its small beginnings, the possibilities of great helpfulness 
to every member of this Institute and to many outside this 
Institute—is the new JouRNAL section of Abstracts of current 
literature significant in the field of cement and concrete. An 
able committee is cooperating with the Secretary’s office in 
determining the scope, the character and the detail of the work. 
With many abstractors in this country and abroad scanning every 
contribution to the literature of our field and extracting the 
essence of each such contribution for the pages of your JOURNAL, 
there is made available to all of us as never before the full moving 
panorama of progressive experience as it relates to our special 
work. 

We have progressed so far in learning about concrete that we 
have unlearned much of what was once our store of knowledge. 

While we have adopted standard specifications and recom- 
mended practice for doing many things in concrete design, 
construction and manufacture, we know very well that we are at 
but a stage of the journey—that we are going to amend and 
improve these standards. 
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That is one of the fine things in the motive force of the Insti- 
tute—its members know there is so much still to learn. But 
they have the satisfaction that comes with a feeling that within 
the organization they are in the right place to. observe activities 
on the frontiers of progress in their field and are always alert to 
the prospects of new achievement. 

This year we have entered upon a new era. We have ceased 
publishing the yearly book of Proceedings; we have scrapped all 
the old committees, and in their place we give to the members a 
monthly JouRNAL, new committees with Author-Chairmen and 
critic members with a promise of increased interest. 

In relinquishing the presidency to my successor I am proud 
of the fact that for all these years I have had an official connec- 
tion with your Institute, and I look forward to a future for the 
Institute which shall make our. present progress seem but the 
first step of its march toward the perfection of an art. 


Goop PRACTICE IN CONCRETE FLOOR FINISH 
Report of Committee 802, Concrete Floor Finish 


JOHN G. AHLERS, CHAIRMAN 


The committee was asked to report on good practice in 
finishing floors in the light of recent experience with methods 
better than those in general use. It is commonly said that floor 
finishing is the poorest job in concrete building construction— 
often because, as the committee clearly says, the floors are 
skimped. The present report will serve as a basis for a new 
recommended practice to be reported after time for thorough 
discussion of methods here described. Committee 802 has five 
members, four of whom approve this report—one remaining 
silent.—EpITor, 


THE ASSIGNMENT of this committee was to prepare a report on 
good practice in finishing portland cement concrete floors, with 
special reference to workmanship and the time, amount and kind 
of manipulation recommended for the final results. 

The committee has reviewed old methods, specifications and 
recommended practice in the light of present-day knowledge, 
with a view to making this report the basis of new recommended 
practice. 

In order to show clearly and properly emphasize the causes of 
difficulties of the past, and to outline the advantages of different 
procedure, it is necessary to review the methods that have been 
used in the past. 

Poor concrete floors result more often from improper manipula- 
tion of materials than from the use of inferior materials. 

Inferior floors are caused by: 


(520) 
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Use of too much mixing water. 

Too much manipulation (screeding, floating, troweling) of the 
wet mix, bringing fine particles and laitance to the surface. 

Too high a percentage of fine particles (passing the fifty mesh) 
in the sand. 

Improper curing. 

Good floors can be produced by: 

Limiting the mixing water from 41% to 5 gallons per sack of 
cement, and increasing workability by longer mixing. 

Using only coarse sand. 

Using not less than 114 parts of coarse aggregate. 

Not floating or troweling the surface when it is wet and sloppy. 

Delaying the finishing operation after screeding until all sur- 
face water has disappeared (from 30 to 45 minutes). 

Proper curing for not less than 7 days. 


GENERAL DISCUSSION 


The committee feels that the foregoing statements and recom- 
mendations are justified by results obtained in the past and by 
facts gathered in the last few years in research, field tests, and 
practical experience. 

The new principles developed in concrete making apply to 
concrete floor finishes as well as to structures generally. Dura- 
bility and service are first objects; for the time being strength is 
secondary. It is believed that when durability is the object of 
design, strength will be ample. 

The committee recognizes that the dominating influence in 
buying concrete floors is cost. Too often building prices are 
reduced to meet competition by the mere expedient of relaxing 
the specifications for floors. For instance, bids are taken on a 
building with considerable floor area. Prices are found to be 
eight or ten per cent in advance of the money available for con- 
struction. Various items in the bids are scrutinized, and it is 
found that the price of the floors may be reduced and still main- 
tain other desirable features of the structure. Specifications for 
the floor finish are therefore altered so that they will cost 12 
cents per square foot instead of 18 cents. When the building 
is completed, the 12-cent floors are subjected to the traffic for 
which better floors were first designed. Eighteen-cent floors 
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cannot be built for 12 cents; neither will 12-cent floors give 
anywhere near the same service as higher priced floors. 


The attitude of the contractor and his men is important. 
Often there is a lack of interest on the contractor’s part in this 
assumed minor part of the construction of a building. He may 
have employed mechanics with no fundamental knowledge of 
how to produce good floors. Since, in general, the greatest 
difficulty is one of workmanship, lack of interest by those respons- 
ible, may give poor results when the best of materials are used. 
Costs need not then be increased by more work. It needs merely 
intelligent work. The stress needs to be on manipulation. 


COMPARISON OF MANIPULATIONS 


First, let us consider the old 1:2 specification. The principal 
ingredients are cement, sand and water. As a rule, the sand 
used for floor topping is the same as that employed in the regular 
building operations. No account is taken of the effects of fine 
materials, particularly the percentage passing the 50 mesh 
screen, on the finished product. Sand and cement are mixed 
with an amount of water that gives a consistency which will work 
well under the trowel. Mortar is placed on the base, struck off 
and floated. Troweling operations start almost immediately. 
Aside from the effect of fine material in the sand and the use of 
too much mixing water, untimely and excessive troweling at this 
particular period is the one operation that produces the most 
unsatisfactory results in the surface. 

When a steel trowel is applied to a soft mushy topping, water, 
cement and fine materials are immediately drawn to the surface, 
where they should not be. The fines assist in producing “‘a nice 
looking”’ finish, but they have little or no wear value. Troweling 
operations usually continue until the surface is stiff enough to 
produce a smooth even finish composed largely of these fine 
particles. 

Another practice extensively used is in dusting cement or 
cement and sand on the surface after the topping has been 
screeded, and before it has hardened. Generally, this practice 
aggravates the difficulties already mentioned. In effect, the con- 
tractor recognizes that an excess of water will delay the time of 
finishing the work. As a result, the water-cement ratio is lowered 
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-by placing dry cement or a mixture of cement and dry sand on 
the surface to absorb the excess. When the dusted-on material 
becomes wet, the surface is floated and troweled. However, the 
good results of lowering the water ratio are offset by fine material. 
Such a practice is conducive to crazing or so-called map cracks. 
It is suggested that where the dust coat method is to be used, a 
mixture of cement and coarse sand be applied. It is possible to 
produce a satisfactory floor where the coarser material is properly 
floated into the surface with careful workmanship. 


A high water ratio for a mortar top, coupled with the presence 
of fine material drawn to the surface by troweling, results in a soft 
scum or film on the surface of the floor with a very high coefficient 
of shrinkage and a low resistance to wear. There must be a 
new conception of toppings. Mortars, as generally understood, 
should not be employed. Essentially there are required definite 
proportions of cement, sand (graded somewhat coarser than 
normally used) and stone or gravel consisting of particles slightly 
larger than the maximum sized grains in the sand. The mixture 
should be placed and finished, as described in another part of 
this report. 


The last operation in floor finish construction is that of curing. 
The value of proper curing has been established by all investi- 
gators of cement and concrete, and applies with greater force to 
floor finish more than any other form of concrete construction. 
If the usual specification for covering with damp sand is ignored, 
and the concrete permitted to dry at the surface before the 
chemical reaction between water and cement has progressed far 
enough, inferior floor finishes invariably result. Improper curing 
results in unnecessary crazing due to the rapid shrinkage, at 
- the surface, and in floors that will dust under service. 


Whether the topping is placed independently and after the 
base has hardened, or monolithically with the base, the procedure 
normally followed is parallel to that just described. When 
placed monolithically with the base, the topping is usually mixed 
just as it would be for placing on a hardened base. If care is not 
exercised, excess water used in the concrete for the structural 
slab tends to increase the water-cement ratio of the mix for the 
finish as well as to incorporate in the surface all of the fines and 
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impurities that are on the top of the structural slab. Here again, 
excessive manipulation with a steel trowel will produce a defective 
floor finish. It is therefore recommended that where the topping 
is placed monolithically with the base, the structural concrete be 
placed as dry as possible and with the least possible water in the 
topping mixture. Excellent results may also be obtained by allow- 
ing the structural slab to harden for eight or ten hours, after 
which the topping is placed. 


~ RECOMMENDATIONS 


It is not the intention of the committee to imply that good 
floors have not been constructed in the past. As a matter of 
fact, when the millions of square feet of floor surfaces now in use 
are considered, it is evident that a remarkably small percentage 
are really giving cause for dissatisfaction. However, the general 
practice followed throughout the country is not giving anywhere 
near the results that can be obtained, and better floor finishes 
should be produced at a very slight increase in cost. 


The committee recognizes the difficulty of changing practice of 
long standing, yet sufficient evidence exists to prove that the 
recommendations offered are worthy of consideration by this 
Institute and should be incorporated in standard specifications. 
In these recommendations we embody the same fundamentals 
that now control the making and placing of concrete for other 
uses. 


The committee presents for consideration a specification which 
not only embodies provision for the mixture of cement, water, 
fine and coarse aggregates, but also a procedure in operation. 
The mixture consists of 1 part of cement to 1 part of coarse 
grained sand which shall contain not to exceed 10% of fines 
passing a 50 mesh screen, and 1% to 2 parts of gravel or crushed 
stone ranging in size from 4 to 3g in. To this shall be added 41% 
to 5 gallons of water per 94-lb. sack of cement. Such a mixture 
will be somewhat harsh and unworkable when considered from 
the standpoint of structural concrete, or the old mortar top 
mixes. However, the method of placing and the manipulations 
necessary to produce a smooth hard finish are such that these 
proportions can be compacted and worked into the desired finish. 
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Basically, the principle of producing workability is the same in 
this case as in structural concrete. There must be enough 
cement paste completely to surround the aggregate particles. 
The question, therefore, is one of mechanical operation in order 
to produce the desired finish. 


Floor finishes can be mixed with less fine aggregate than can 
structural concrete. There are two reasons for this requirement: 
First, it is desired to expose or have retained at the surface as 
much of the extremely hard coarse aggregate as is possible so 
that it will take most of the wear; second, in compacting the 
floor finish by rolling, troweling or otherwise to eliminate the 
tendency of the fine aggregate working to the surface. If there 
is an excess of fine material in the mixture, it will be difficult to 
keep the coarser particles at the surface. 


It is recommended that the proportions for the floor topping 
mixture be designed for each specific job by the trial method. 
Trial batches in the proportion of 1 part of cement to 1 part of 
coarse grained sand and 2 parts of coarse aggregate graded from 
AN 34 in. should be mixed with the specified amount of water. 
If it is found impossible to place this mix on the slab under the 
procedure outlined, a slight adjustment may be made in the 
volume of the coarse aggregate. The proportion of the coarse 
material may be adjusted down, but under no circumstances 
should the coarse aggregate be less than 114 parts, nor the water 
increased above 5 gallons per sack of cement. 


After these proportions have been mixed for not less than 2 
minutes, they should be placed on the structural slab and screeded 
into position. The topping is then floated, bringing to the top a 
small amount of mortar for finishing purposes. The floor is then 
allowed to stand for 30 to 45 minutes, depending upon weather 
conditions, before troweling operations start. In this time the 
topping will have stiffened sufficiently to prevent fine particles 
from being brought to the sufrace by troweling. Final troweling 
may then proceed without damaging the surface. The more 
hard troweling at this particular time, the denser will be the slab 
and the more coarse aggregate at the surface. Hard troweling 
has the effect of forcing the coarse particles of aggregate into the 
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mass and covering them with just enough mortar to produce a 
smooth finish. 

The mix and manipulations above specified will no doubt draw 
criticism from the mechanics. It will take more muscular effort 
to spread and screed such a mix than is required under the old 
specifications. There will also be criticism of the delayed finish- 
ing operation because the surface will become fairly hard and 
rather difficult to work with a trowel. If this practice is not 
followed, however, the old difficulty of bringing up too much 
fine material to the surface and the over-working of moist and 
wet spots will produce a floor with a high percentage of laitance 
and soft spots. 

As soon as the concrete has Barres sufficiently to prevent 
pitting, it should be wetted down and covered with damp sand 
or a specially prepared paper than may be sealed to prevent 
evaporation. Where sand is used, it should be kept wet for not 
less than ten days. 

The Committee recognizes that the type of construction pro- 
posed will cost somewhat more than the usual cheaper types of 
floors. The increase in cost is more in additional labor, effort and 
care than in the materials. The increased wearing resistance of 
the floor finish by the expenditure of this additional labor is 
worth mary times the cost to the owner of the building, who is 
entitled to as high quality finish as can be obtained under this 
procedure. It is further recommended that contracts for floors 
be placed in the hands of competent contractors and mechanics. 

The construction of highly ornamented floors is a separate 
item and is not covered in this report. We refer particularly to 
the construction of terrazzo floors or terrazzo and concrete tile. 
The painting or staining of floors should also be considered 
separately, as well as the use of coloring matter in the topping. 
Practice for this kind of work should also be covered in future 
reports. 

The occupancy of a building should be studied and the floors 
designed to fit traffic conditions. Two specifications are given: 
one covering the construction of heavy and light duty types of 
floors, and one on the dust coat finish. By varying the size of 
aggregate and the method of finishing, the first specification may 
be changed to apply to heavy duty or light duty floors. 
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As an added precaution, special attention should be paid to the 
manner in which all details are cared for in the specification for 
“dust-on” floors. Such a type of construction should be placed 
by skilled and competent organizations, under rigid inspection. 
These floors can be built to withstand all types of traffic, but it 
must be recognized that ordinary abrasion will, within a reason- 
able time, wear through the surface and expose the underlying 
concrete to the same action for which the finish was designed. 
If the structural concrete is sound it may take many years to 
wear through the surface, even under extremely heavy traffic. 


PROPOSED RECOMMENDED PRACTICE FOR HEAVY DUTY FLOOR 
FINISH 
WITH NOTES FOR LIGHT DUTY FLOOR FINISH 


Submitted by Committee 802 for Discussion 


1. BASE SLAB 

Tus surface of the structural base slab shall be finished reasonably true and 
struck off at a level approximately one inch below the required finish grade 

As soon as the condition of the concrete base permits, and before it has fully: 
hardened, all dirt, laitance and loose aggregate sha!l be removed from the 
surface with a wire broom, which shall leave the coarse aggregate slightly 
exposed, or the surface otherwise roughened to improve bond with the topping. 

When it is impossible to remove laitance and roughen the slab by brooming, 
the surface shall be cleaned and prepared for bond by chipping after the base 
has hardened. 

Just prior to placing the finish, the base slab shall be thoroughly cleaned by 
scrubbing, to the satisfaction of the engineer. 

(Note: Notes appearing after articles 2, 3, 5 and 6 pertain to wearing 
courses that are to be finished by grinding. Each note provides the 
basis of revision of the paragraph preceding it when considering the 
finish of floors by grinding.) 

2—-AGGREGATES 

Both fine and coarse aggregates shall be used in the finish. Fine aggregate 
shall consist of clean, hard sand or crushed stone screenings free from dust, 
clay, loam or vegetable matter. All particles shall pass a }4-inch sieve and 
shall be graded from fine to coarse with the coarse particles predominating. 
Not more than 3 per cent shall pass a 100 mesh, and not more than 10 per 
cent shall pass a 50 mesh sieve. 

Coarse aggregate shall consist of clean, hard pea gravel, or crushed stone, 
free from dust, clay, loam or vegetable matter and from coatings which will 
tend to weaken the bond. It shall contain no soft, flat or elongated fragments, 
and shall be graded from 4 to 3-in. 

Note: For light duty floor finish the coarse aggregate shall be graded 
from 1% to 4%-in. (passing a 14-in. screen but retained in a )4-in. screen). 
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All aggregate shall be selected with care. Coarse aggregate shall be of an 
approved character, and samples of proposed material shall be submitted to 
the engineer for approval prior to use. 

Note: When the topping is to be finished by grinding, the coarse 
aggregate shall be hard, tough, crushed stone graded as recommended 
for terrazzo. 


3—MIxXTURE 


‘The mixture shall be 1 part portland cement, 1 part fine aggregate and 2 
parts coarse aggregate by volume. This nominal mix may be slightly varied, 
depending upon the local conditions, and as the engineer may direct. If the 
aggregate is very coarse, the gravel or stone should be reduced to 1% parts. 
Tn no case shall the volume of the coarse material be more than twice the vol- 
ume of the fine. 

The mixture shall be determined by the engineer and once established shall 
not be changed except upon his written order. 

Not more than 5 gallons of mixing water including the moisture in the 
aggregates shall be used for each sack of portland cement in the mixture. 

Note: When the topping is to be finished by grinding, no sand shall 
be used. One part of cement by volume shall be mixed with 3 parts 
crushed stone. 


4—COoNSISTENCY 


The concrete shall be of the driest consistency possible to work with a saw- 
ing motion of the strike-off board, or straightedge. Changes in consistency 
shall be obtained by adjusting the proportions of fine and coarse aggregate 
within the limits specified. In no case shall the specified amount of mixing 
water be exceeded. 


5—PLACING AND COMPACTING 


The base slab shall be thoroughly wetted just prior to the placing of the 
finish, but there shall be no pools of water left standing on the wetted surface. 
A thin coat of neat cement grout shall be broomed into the surface of the slab 
for a short distance ahead of the topping. The wearing course shall be applied 
immediately before the grout has hardened, and brought to the established 
grade with a straightedge. 

Note: When the surface is to be finished by grinding, the wearing 
course shall be compacted with rollers or vibrators. Rollers shall be of 
sufficient weight to compact the concrete thoroughly. When the engi- 
neer may direct, coarse aggregate shall be uniformly scattered over 
the surface while rolling is in progress. 


5a—PLACING AND COMPACTING (LIGHT DUTY FLOOR FINISH) * 


The concrete topping shall be deposited on the base within 45 minutes 
after the concrete base is in place and before the base has appreciably hardened. 


*Use paragraph 5a in lieu of 5 for light duty floor finish. 
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6— FINISHING BY TROWELING 


After striking off the wearing course to the established grade, it shall be 
compacted with a wood float. The surface shall be tested with a straightedge 
to detect high and low spots which shall be eliminated. Floating shall be 
followed by steel troweling after the concrete has hardened sufficiently to 
prevent excess fine material from working to the surface. The finish shall be 
brought to a smooth surface free from defects and blemishes. No dry cement 
or a mixture of dry cement and sand shall be sprinkled directly on the surface 
of the wearing course to absorb moisture or to stiffen the mix. After the con- 
crete has further hardened additional troweling may be required. This shall 
be done as may be directed by the engineer. 


Note: Surfaces to be finished by grinding shall be swept with soft 
brooms after rolling to remove any water and surplus cement paste 
that may be brought to the surface. The wearing course shall then be 
floated and once lightly troweled, but no attempt shall be made to 
remove all trowel marks. 


7— FINISHING BY GRINDING 


After the wearing course has hardened sufficiently to prevent dislodgment 
of aggregate particles, it shall be ground down with an approved type of 
grinding machine shod with free, rapid cutting carborundum stones to expose 
the coarse aggregate. The floor shall be kept wet during the grinding process. 
All material ground off shall be removed with a squeegee and the floor shall be 
flushed with water. 

Air holes, pits and other blemishes shall then be filled with a thin grout 
composed of one part of No. 80 grain carborundum grit and one part of port- 
land cement. This grout shall be spread over the surface and worked into 
the pits with a steel straightedge, after which the grout shall be rubbed into 
the floor surface with the grinding machine. 

After all patch fillers have hardened for seven days the floor surface shall 
receive a second or final grinding to remove the film and to give the finish a 
polish. It shall then be thoroughly washed and all surplus material removed. 


7a—FINISHING BY GRINDING (LIGHT DUTY FLOOR FINISH) * 
This paragraph to be used in lieu of paragraph 6 when finish by 
grinding is desired. 

After the topping is struck off to a true and even surface it shall be thoroughly 
compacted with a wood float until all depressions and irregularities are elim- 
inated. The surface shall then be once lightly troweled and allowed to harden. 
During the hardening period the surface shall be protected as required in 
Article 8. 

After the wearing course has hardened sufficiently to prevent dislodgment 
of aggregate particles, it shall be ground down with an approved type of 
grinding machine shod with free, rapid cutting carborundum stones. Only a 
light cut shall be taken with the grinder, and care shall be observed to produce 
a finish of uniform appearance. The floor shall be kept wet during the grind- 


*Use paragraph 7a in lieu of 7 for light duty floor finish. 
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ing process. ‘ All material ground off shall be removed with a squeegee and 
the floor shall be flushed with water. 

Air holes, pits and other blemishes shall then be filled with a thin grout 
composed of neat cement paste. This grout shall be spread over the area and 
worked into the floor surface with the grinding machine. 

After all patch fillers have hardened, the floor surface shall receive a se¢ond 
or final grinding to remove the film. It shall then be thoroughly washed and 
all surplus material removed. 


8—CuRING AMD PROTECTION 


All freshly placed concrete shall be protected from the elements and from 
all defacement due to building operations. The contractor shall provide and 
use when necessary tarpaulins completely to cover or enclose all freshly 
finished concrete. ’ 

If at any time in the progress of the work the temperature is, or in the 
opinion of the engineer will, within twenty-four (24) hours, drop to 40° F. the 
water and aggregate shall be heated and precautions taken to protect the work 
from freezing for at least five (5) days. 

As soon as the concrete has hardened to prevent damage thereby, it shall be 
covered with at least one (1) inch of wet sand, or other covering satisfactory 
to the engineer, and shall be kept continually wet by sprinkling with water for 
at least ten (10) days. 


PROPOSED RECOMMENDED PRACTICHK FOR DUSTED-ON FLOOR 


FINISH 
J—WHERE USED 


Dusted-on floor finish shall be used only where the structural concrete has 
been produced and placed under absolute control of the water-cement ratio 
and where the water-cement ratio of the structural concrete does not exceed 
7% gals. of water per bag of cement. 

Dusted-on floor finish shall not be permitted on structural concrete where 
the fine aggregate contains more than 5 per cent passing 100 mesh, or more 
than 15 per cent passing 50 mesh, nor where the fine aggregate contains dust, 
clay, loam or vegetable matter. It is assumed, furthermore, that the coarse 
aggregate in the structural concrete consists of hard, clean, coarse particles, 
free from dust, clay, loam or vegetable matter, and from coatings which will 
tend to weaken the topping. 


2—MATERIALS 


The mixture to be used for spreading on the structural slab shall consist of 
standard portland cement, and any of the following: 

(A) Screened, sharp, clean, coarse particles taken from sand, meeting 
the above specifications, or 

(B) Metallic aggregates approved by the engineer, or 

(C) Ground quartz, or other dense rock screenings between the sizes 
zz-in. to 4-in. 

All aggregates shall be selected with care, and approved by the 
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engineer before use. Sample of the proposed material shall be 
submitted to the engineer for approval before using. 


3—MIxTURE 


The mixture to be spread on the screeded off concrete shall be one part of 
portland cement to one or one and a half parts of fine aggregate, as selected 
by the engineer. 

These materials shall be mixed dry in a mortar box, or in an approved mixing 
machine. 

The material, after mixing, shall be bagged for the purpose of determining 
the quantity used on the structural slab. 


4— CONSISTENCY OF STRUCTURAL SLAB 


The dry-mixed materials shall not be placed on the structural slab until it 
has been allowed to settle after screeding and all surface water has been 
removed by a darby or other approved means. 


5—PLACING AND COMPACTING 


When the structural slab is in condition so that all surface water has dis- 
appeared, or been removed, the dry-mixed material shall be applied at the rate 
of one bag to each one hundred square feet of floor area. 

The dry material after spreading, shall be floated off and worked into the 
slab. Floating operation shall be stopped as soon as the dry material becomes 
sloppy and wet, and floating withheld until the surface moisture has dis- 
appeared. 


6—FINISHING BY TROWELING 


After the first floating the floor surface shall stand without working from 
20 to 30 minutes, depending on weather conditions. The floor area shall then 
be compacted with a wood float. The surface shall then be tested with a 
straightedge to detect high and low spots which shall be eliminated. Floating 
shall be followed by steel troweling after the concrete has hardened sufficiently 
to prevent excess fine material from working to the surface. The finish shall be 
brought to a smooth surface free from defects and blemishes. After the concrete 
has further hardened additional troweling may be required. This shall be 
done as may be directed by the engineer. 

7— FINISHING BY GRINDING 

If a ground surface is desired, the dry material may be merely floated and 
all inequality evened out by proper floating and only one slight troweling 
thereafter. 

After the surface and the structural slab have hardened sufficiently to 
prevent dislodgment of aggregate particles, it shall then be ground down with 
an approved type of grinding machine, shod with free, rapid cutting car- 
borundum stones to expose the coarse aggregate. The floor shall be kept wet 
during the grinding process. All material ground off shall be removed with a 
squeegee and the surface flushed with water. 

Where required air holes, pits and other blemishes shall then be filled with a 
thin grout composed of one part of No. 80 grain carborundum grit and one 
part of portland cement. This grout shall be spread over the surface and 
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worked into the pits with a steel straightedge, after which the grout shall be 
rubbed into the floor surface with the grinding machine. 

After all patch fillers have hardened for seven days the floor surface shall 
receive a second or final grinding to remove the film and to give the finish a 
polish. It shall then be thoroughly washed and all surplus material removed. 

DISCUSSION—EFFECT OF MATERIALS AND MANIPULATION UPON 

QUALITY OF FINISH* 


BY W. EB. HARTT 


Ir 1s the object of this discussion with its series of pictures from 
photographs to show present methods in concrete floor finish 
and a recommended method for best results. Floor finishes 
generally have been made with a mortar topping. It is proposed 
that specifications provide for a mixture of one part cement, one 
part sand, and two parts coarse aggregate. Such a specification 
has been used extensively in some sections of the country, and is 
not an experiment. 

Studies in laboratory and field by many investigators have 
developed new principles in concrete making. The application of 
these principles is most needed in the finish of floors because of 
the service expected.of them. The application of the water- 
cement ratio law to the construction of floors shows it is practical 
and economical to change the grading of floor toppings so as to 
produce durability and resistance to traffic. 

Most floors are now made with a one-inch mortar topping 
composed of one part of cement and two parts of sand. Too often 
the grading of the sand is not taken into consideration. Too 
high a percentage of fine material in such a mortar top contributes 
to a soft, absorbent finish with excessive shrinkage. Sand should 
be graded from zero to 14-in., with not more than 10 per cent 
passing the No. 50 screen. The coarse particles of the sand 
should predominate, thus reducing the shrinkage factor to a 
minimum. 

Fig. 1 shows the sand that was used in the first demonstration; 
Fig. 2, the proper condition for the base. Prior to the hardening 
of the base, it should be scrubbed with a stiff broom so as to 
expose the aggregate, thus producing a surface that will promote 
bond of top to base. 


*Presented at the 26th Annual Convention. 


{Secretary Committee 802; Manager Structural and hni 
seen zg ral and Technical Bureau, Portland Cement 
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Fic. 2—A GOOD BASE ADDS TO THE STABILITY OF THE FLOOR 
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Fic. 3—A 1:2 MORTAR TOPPING BEFORE STRIKING OFF 


Fig. 3 shows the mortar mixture on the base. To the one part 
of cement and two parts of sand were added approximately 544 


gal. of water, giving a consistency like that normally used in such 
work. 


From this point on the methods used in placing and finishing 
the topping determine whether a good or poor finish will result. 
The usual practice is to screed the mix into place and then float 
to a true surface. Two operations then follow: The final finish 
may be produced with a steel trowel, or the surface may be 


dusted with cement or a mixture of fine sand and cement, after 
which it is troweled. 
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Fic. 4— FLOATING THE TOPPING 


Fig. 4 shows the topping floated. Fig. 5 shows the topping 
covered with a dust coat composed of cement and fine sand, as 
used quite extensively throughout the country, and contributing 
largely to existing dissatisfaction with floor finishes. 


The placing of a dust coat on the top of a floor finish has been 
considered a concession to workmanship. Such a dust coat 
absorbs excess water in the topping and permits the finishing 
operation to proceed without delay. It may be considered as an 
admission on the part of the contractor that excessive water has 
been used in the topping. The application of a steel trowel to so 
wet a mix brings cement and fine material to the surface, pro- 
ducing a soft, absorbent top, and one tending to craze and dust 
under traffic. It is suggested that where a dust-on type of finish 
is to be employed, instead of using cement and fine sand, that 
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Fic. 5—THE MORTAR TOP COVERED WITH A DUST COAT OF CEMENT 


AND FINE SAND 


Fig. 6—FINISHED TOPPING 
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Fic. 7—DUSTING OF FINE MATERIALS ON A FLOOR FINISH TENDS 
TO STIMULATE CRAZING 


Fig. 8—SEcCTIONAL VIEW CUT THROUGH THE SLAB 
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Fic. 9—SECTION SHOWING SOFT SURFACE REMOVED—1,-IN. 
MATERIAL THAT USUALLY CAUSES DUSTING 


only the coarser particles and a large percentage of coarse aggre- 
gate graded from 1¢ to 4-in. be added to the cement and applied 
to the surface. Then the final finishing of the slab should be 
delayed until all water has disappeared. It is true that this 
method makes for a cheap type of floor, but too often, through 
over-troweling and the presence of excessive fine materials in the 
sand, this cheapness is offset by trouble that follows when the 
floor is put into service. 


Fig. 6 shows the finished topping. Fig. 7 shows the condition 
of the surface after about 10 days, especially illustrating the 
crazing that has occurred in the topping in this short time. 


Fig. 8 is a sectional view of the slab showing the base and the 
topping. The dark line near the top was produced by removing 
with a carborundum stone that portion of the top that is com- 
posed of a soft absorbent material. This is approximately 1 in. 
thick, and represents the portion of the floor that is expected to 
take abrasion. 
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Fig. 9 is a view of the same section but slightly above, so as 
to show the depth of the mortar on the surface. Note that 
rubbing was continued until particles of sand began to show. 


This illustrates the effect of over-manipulation of the finish 
and the disastrous results that usually follow. The materials 
may have been of the best, but through over-manipulation such 
fines as exist in the mixture are brought to the surface where they 
should not be and coarse particles have been forced below the 
surface. This picture also illustrates why some floors have soft, 
absorbent spots which tend to dust and wear under normal 
traffic. ' 


The recommendation of the Committee for floor finishes that 
are to be subjected to either light or heavy duty is to incorporate 
coarse aggregate in the topping. A definite procedure is outlined 
for the manipulation of the mixture which will prevent fine ma- 
terials from being drawn to the surface. Such a procedure will 
leave on the top a high percentage of coarse aggregate that will 
withstand abrasion. In the author’s opinion the only difference 
in cost between this type of floor and the mortar mix is the cost 
of the additional coarse aggregate in the finish. Either way the 
mixtures work about the same under the float, except that the 
coarse aggregate mix has a little more stability than the straight 
1:2 mortar top. This slight difference in. cost may be entirely 
eliminated when you consider the extra time necessary to finish 
the mortar top. Certainly maintenance on the recommended 
type of floor will be much less than on the mortar topping. 


The mix for the recommended type of finish is composed of one 
part of cement, one part of coarse grained sand, and two parts of 
coarse aggregate graded from 1% to 3% in., with all particles 
passing the 3¢-in. screen. To this mixture is added not to exceed 
5 gal. of water per bag of cement, including the amount of 
moisture in the aggregates. The grading of the coarse aggregate 
may be varied slightly to facilitate placing, but in no case shall 
the ratio of the volume of fine to coarse be less than 1:114. The 
coarse aggregate may be composed of fine pebbles or crushed 
rock, both of a hard, durable character. 


Fig. 10 shows the sand and gravel used for this topping. Fig. 
11 shows the same sand with crushed rock instead of pea gravel. 
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Fic. 10—SAaND AND GRAVEL USED IN MAKING COARSE AGGREGATE 
TOPPING | 


Fig. 11I—SAME GRADING OF MATERIAL AS Fic. 10 excerr THAT 
CRUSHED STONE MAY BE USED INSTEAD OF GRAVEL 
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Fig. 12—PREPARATION OF BASE BEFORE IT HAS HARDENED 


Fig. 12 shows the base after it has been placed but before it is dry. 
Fig. 13 shows the base slab ready to receive the topping. Note 
that by brushing, some of the coarse aggregate is exposed to 
facilitate bond between the topping and the base. 


Fig. 14 shows a mixture of one part of cement, one part of 
sand with the fine particles removed, and two parts of pea 
gravel ranging in size from 14 to 14 in. with a small percentage of 
the 34 in. These aggregates have been mixed with 5 gallons of 
water. Here, a word of caution. It has been found that by 
adding more than 51% gallons of water a very unworkable con- 
crete is produced. One pint of excess water tends to destroy the 
proper consistency. As the picture shows, the mixture has the 
appearance of being very dry and unworkable. 


Fig. 15 shows the consistency of the mix. It will be seen from 
this illustration that the workability is practically the same as 
that in the mortar mix except that the coarse aggregate gives this 
mix greater stability under the float. It is also interesting to 
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Fig. 13—APpPpEARANCE OF THE BASE AFTER HARDENING AND 
FINISHING 


note that the slump for the mortar mix was approximately 7 in., 
and for this mix it did not exceed lin. The slump test is not here 
a true indication of comparative workability of the two mixes. 

Fig. 16 shows the striking off of the top. It is interesting to 
note that the strike board tended to cut off an even amount of 
the topping and roll it ahead as easily as cutting off the same 
amount of material from the mortar top. 

Fig. 17 shows the condition of the surface after it has been 
floated. From this point on manipulation is important. After 
the topping has been floated to a true, it is left undisturbed for 
30 to 45 minutes, depending upon weather conditions. The 
topping should not be touched until all water has disappeared 
from the surface. Furthermore, a dust coat on this type of floor 
finish will completely defeat the purpose of the revised specifica- 
tion. 

Fig. 18 shows the appearance of the slab after 45 minutes. 
The water has disappeared and the slab is now ready to receive 
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Fig. 14—CoarsE AGGREGATE TOPPING BEFORE STRIKING OFF 


Fig. 15—THIS PHOTOGRAPH ILLUSTRATES THE CONSISTENCY OF 
THE MIX WITH SUFFICIENT MORTAR PRESENT TO PRODUCE 
PROPER FINISH 
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Fig. 16—STRIKING OFF THE TOPPING 


the final finish. The reason for delaying the final finish is that a 
steel trowel may now be placed on the slab without drawing fine 
materials to the surface. During the 45-minute period the 
hardening action has set in and there has been a tightening of 
the surface so as to prevent the drawing of cement and fine 
materials to the top. The steel also serves to “‘point up” the 
surface by pressing down into the mass all particles of aggregate, 
but not below the surface. 


Fig. 19 shows clearly that the theory advanced for this speci- 
fication is practical. This picture was taken 15 hours after the 
final finish had been made. It shows conclusively that a large 
percentage of the coarse aggregate has been retained at the sur- 
face of the floor and covered with a very thin film of cement 
and other fine materials. 


Fig. 20 is a sectional view cut from this slab. It shows the 
mass of aggregate in the topping and the amount of coarse 
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Ne Nace 


Fic. 17—ApprARANCE OF THE SLAB AFTER FLOATING 


Fig. 18—APppEARANCE OF THE SLAB 45 MINUTES AFTER FLOATING. 
THE WATER SHEEN HAS DISAPPEARED 
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Fic. 19—APppEARANCE OF THE TOPPING 15 HOURS AFTER FINISH- 
ING. NOTE THE PRESENCE OF AGGREGATE IN THE SURFACE 


aggregate that is in the surface. It is obvious, by comparing this 
with the 1:2 mortar top, that this method will produce a type of 
floor finish that will offer greater resistance to any traffic placed 


upon it. Fig. 21 is an enlarged view of the same sectional piece 
of concrete. 


The conclusions to be drawn from this series of photographs 
should be more or less obvious. Mortar toppings generally 
have given satisfactory service. There are cases where the floors 
have dusted or become stained or broken up under traffic. In 
some cases chemical action of some sort has aided in this disinte- 
gration. It is not the intention to condemn the work that has 
been done in the past, but to propose a type of construction less 
likely to be unsatisfactory. In the proposed new specification the 
coarse aggregate will greatly reduce volume changes in the finished 
floor. The method of finish keeps the coarse aggregate where it 
will resist traffic. It therefore seems reasonable that we should 
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Fig. 20—SEcTIONAL VIEW OF THE SLAB. COARSE AGGREGATE 
IS AT THE SURFACE TO TAKE THE WEAR, WITH NO FINE 
MATERIAL PRESENT 


Fig. 21—AN ENLARGED VIEW OF THE TOPPING SHOWING THE 
POSITION OF THE AGGREGATE IN THE SURFACE 
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recommend this new type of floor finish, particularly as it does 
not add greatly to the cost of the floor and tends to eliminate 
chances for excessive maintenance costs. 


FURTHER CONVENTION DISCUSSION 


John G. Ahlers: Here are tabulated the total labor and material 
costs for a piece of floor placed under this specification a few days 
ago. It shows a net cost of slightly over seven cents per square 
foot, very much less than we thought would be the cost of this 
type of floor finish. The superintendent on this work was in- 
structed to place this section of floor under this specification and 
was very reluctant to start as he was afraid he could not do a 
very satisfactory job with the water content so low. 


Area Quantity Total Cost Sq. Ft. Cost 
Cement 3500 sq. ft. 13.8 Bags $69.00 $.02 
Sand 3500 sq. ft. 6.8 Yds. 13.60 .004 
Grit 3500 sq. ft. 6.8 Yds. 22-10 .0064 
Cement Labor 3500sq. ft. 10 men 3 hrs. 35.10 .01 
30 hrs. - $1.17 e 
Cement Mason 3500sq. ft. 43 hrs. @ 1.65 71.85 | 
814 hrs. @ 1.8714 { 15.95 eu Sars 
Overtime Bonus 6 hrs. @ 1.65 \ 9. i. 
114 hrs. @ 1.87144 { 2.95 [12-75 0086 
Labor Foreman 3500 sq. ft. 3 hrs. @ 1.50 ie .0013 


No allowance for tools, supplies, plant rental, power, field overhead or profit. 


From personal inspection while the floor was placed, we found, 
however, that it was possible to mix the finish and place it with 
a water content of exactly five gallons per bag of cement. It is 
believed that one reason for such a low amount of water was the 
mixing of the topping for not less than two minutes; this gave a 
very plastic and workable material even with the large amount 
of grit. This item of time of mixing should be further stressed in 
a specification. 


On this particular work we happened to have two foremen 
working with their finishing tools and they both expressed their 
satisfaction with the mixture and the ability to handle it under 
the trowel. It is very important that the specification be such 
that practical men will live up to it as otherwise it is quite useless. 
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A Member: When you wet down and applied neat cement 
paste, you have practically destroyed what suction there is in the 
cold concrete slab. When the topping is put down without care- 
ful watering and neat cement paste, the suction in the concrete 
slab seems to draw water and paste from the topping into the 
slab and forms a satisfactory bond. Quite generally when the 
most precautions were taken we had the least satisfactory floors. 


Readers are referred to the JouRNAL for September, 1930 (Vol. 
27, No. 1) for further discussion which may develop. Such dis- 
cussion should reach the Secretary by August 1, 1980. 


Discussion of the report of Committee 306 


‘‘PPRMISSIBLE OPENINGS IN CONSTRUCTION’’* 


DISCUSSION BY A. S. WOODLE, JR.T 


THIS SUGGESTED basis for specification covering the important 
question of permissible location of holes in concrete floors and 
beams seems to be complete except that no mention seems to be 
made of columns, which should also be included.t 


The writer would also suggest that more emphasis be placed on 
the undesirability of cutting holes in the flanges of beams or at 
any other point in the structure where there are heavy con- 
centrations of direct stress. Theoretical analysis seems to prove 
that the presence of evenasmall hole in a flat plate subjected to 
uniform tensile stress increases the unit stress at the edges of 
such a hole to three times the average (see Appendix to Morley’s 
Strength of Materials), so that it would seem wise to emphasize 
the desirability of not reducing highly stressed sections by holes, 
etc., except as a last resort; and where the holes are necessary the 
design should be made so that the average stress in the diminished 
flange should be very substantially less than the design unit stress. 


*Report by Albert Smith, Author-Chairman Committee 306, JouRNAL OF THE AMERICAN 
Concrete Institute, November, 1929, Proceedings, Vol. 26, p. 24. 

t+Baldwin Locomotive Works, Philadelphia. 

The report was presented as a partial, progress report only.—Kp1Tor. 


(550) 


THE DESIGN AND OPERATION OF CENTRAL MTIxING 


PLAntTs—A SYMPOSIUM 


BY MEMBERS OF COMMITTEE 603 


Committee 603, Frank I. Ginsberg, Chairman, assigned to 
prepare a report on the design and operation of central mixing 
plants, found its time too short to prepare the usual formal 
report. The new industry of central plant production of concrete 
is growing and changing so rapidly that individual ideas yet 
need much threshing out. The first contribution of the Com- 
mittee toward “‘covering”’ its assignment is in five brief papers 
by as many members of the committee: Miles N. Clair, H. F. 
Thomson, A. W. Munsell, N. D. Crowley and Fred C. Wilcox. 
These were presented al the 26th annual convention, February, 
19380. In Mr. Ginsberg’s absence, Mr. Thomson introduced 
the committee's contributions to the program. As reported here 
they will form the basis of a committee report later. In its 
preparation the committee welcomes further, full discussion. 
—EpIrTor. 


COMMENTS ON THE DESIGN AND OPERATION OF READY-MIX=ED 
CONCRETE PLANTS 


BY MILES N. CLAIR* 


READY-MIXED concrete is a comparatively new material and 
like all new materials and new ways of producing old structural 
materials it will be subjected to careful investigation from every 
angle. If it is only just as good as job-made concrete and its 
cost is no greater, its adoption will be slow, on the other hand if 
it is found to be inferior its demise will be as rapid and sudden 
as that of the usual jazz song. The ready-mixed concrete plant 
must therefore be designed and operated so as to insure the pro- 
duction of concrete at a cost no greater than job placed concrete, 
of better quality and at a profit to the producer. 


*Vice-president Thompson-Lichtner Co., Inc., Boston. 
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Many of the details of plant design and operation which are of 
importance from the standpoint of economy and the production 
of good concrete in place have already been discussed at previous 
meetings of the American Concrete Institute and in articles 
appearing in the technical press. The author desires, however, 
to stress a few items which his experience has shown to be of 
special importance. 


(1) The controlling interests in a ready-mixed concrete organ- 
ization should include an engineer who really knows something 
about concrete. His interest will tend to eliminate the possibility 
of the adoption of a general production and sales policy which 
would lead to ruinous competitive methods and the production of 
poor concrete. 


(2) The location of the plant should be determined upon only 
after due consideration has been given to the probable: market 
and its changes as well as the availability of materials. Any plant 
located where there is little space for storage of materials and 
where materials have to be brought in by truck usually has a 
hard time competing with job-mixed concrete. The plant loca- 
tion, which is almost ideal, is an established material supply yard 
with rail and water connections. 


(8) The design of the equipment for ready-mixed concrete 
plants at present is in such a state of flux that large changes will 
probably occur in a few years. Gravity feed from overhead bins 
combined with weigh batchers is in general use. It is not un- 
likely that the near future will see the installation of automatic 
weighing apparatus to reduce the operating labor requirements 
to a minimum and the variations due to errors in measurements. 

At -present plants frequently have insufficient overhead and 
ground-storage to take care of failures in conveying and supply 
systems. The cement batching equipment requires too much 
attention to keep it in proper operating condition. The truck 
loading systems are slow. The truck mixers need standardiza- 
tion and further attention to design so as to insure better mixing 
and control of the mixing. 


(4) Control of quality requires the attention of an experienced 
concrete engineer and the establishment of a laboratory at the 
ready-mixed concrete plant. It also requires that the jobs be so 
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serviced that the concrete will be delivered and placed in the 

forms in proper condition. This means assisting and educating 

the contractor both before the contract is signed and during deliv- 

ery of the ready-mixed concrete, so that there will be no delays, 

so that the means of placing will not cause deterioration in 

quality, and so that the concrete will be properly protected and ° 
cured. 


(5) Plant operation has as its principal problem the efficient 
utilization of the available equipment to supply the demands for 
concrete. These demands vary rapidly and a schedule of delivery 
made the night before may be entirely useless the next morning. 
The attention of one or more men to this item continuously is 
necessary. Plant operation naturally also has as one of its main 
interests the keeping of a determination of costs. Neither of 
these phases has been given the attention they warrant. 


WATER CONTROL OF A COMMERCIAL CENTRAL-MIxING PLANT 


BY H. F. THOMSON* 


WHEN aggregates are proportioned by weight, as is now the 
almost universal. practice in central-mixing and central-propor- 
tioning plants, the problem of water-control resolves itself into 
two steps, namely the determination of the moisture in the aggre- 
gates, and the addition to the mix of such quantity of water as 
will: make up the total amount desired. 


It is unnecessary to describe the methods in general use for 
determining the moisture, as these were fully covered in the paper 
by William R. Johnson on “Comparison of Methods of Determin- 
ing Moisture in Sands” presented at the 1929 convention of the 
Institutet; this paper recommended drying as giving best results. 
Suffice it to mention in this connection that as a drying deter- 
mination requires considerable time, it is sometimes difficult, as 
during a heavy rain, to keep the adjustment for moisture current 
with the variations in moisture content. Hence there is a distinct 
need for a method having reasonable accuracy which would give 


*Vice President, General Material Co., St. Louis. 
+Proceedings American Concrete Institute, Vol. 25, p. 261. 
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results within, say, five minutes of sampling, and hence could be 
used to check on materials being used at any time. 


Normally, the water to be added is of greater quantity than 
the moisture in the aggregates, and hence upon the accuracy of 
its measurement depends the reliability of the control, so far as 
concerns the desired water content. This feature of accurate 
measurement, that is the introduction of the desired quantity 
of water, no more and no less, requires certain safe-guards. The 
operation of the valves should be positive, so that the quantity 
will not depend on such personal equations as the speed of closing 
or opening the valves. There should be no opportunity for “short 
circuiting’ of water which is not measured, as occurs in the mid- 
position of the ordinary three-way valve. And there should be 
no possibility of mal-manipulation by the operator after the 
inspector or supervisor sets the equipment at the desired quantity, 
as may happen when the operator must watch a gage glass to 
cut-off at the proper setting, or when the inlet and outlet valves 
of the measuring tank are operated manually and independently, 
thus permitting the operator to add a few gallons beyond the 
setting if he so wishes. 


In addition to accurate measurement, the water regulator 
should possess two other features; first, the proper timing of the 
flow of water into the mixer relative to the introduction of the 
aggregates and the cement, which timing should be constant for 
successive batches; and second, simplicity of operation, which 
involves as little physical effort as possible, and also minimizes 
the items which the operator must watch or manipulate. 


It is believed that the water-regulator equipment devised by 
the writer’s organization and operated by us in substantially 
its present form for the past two seasons, meets the diverse 
requirements above outlined. This equipment was the outgrowth 
of a series of successive installations, after a thorough investiga- 
tion failed to disclose that any mixer manufacturer was offering a 
water system which would accomplish what we considered should 
be accomplished by a proper control. 

It should be stated that our system of operation has included a 
batch-hopper between the weigh-hoppers and the mixer, regard- 
less of whether the operating supply of aggregates is stored above 
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the mixer with gravity fall into the batch-hopper or at the side 
with other method of conveyance into the batch-hopper. With 
this arrangement in mind, our analysis indicated that the water 
equipment should include the following features (1) the measuring 


WatTeR ControLt HQuIPMENT 


A-—Dial fixing quantity of water—B-Water tank—C-—Hand wheel—D-Gears, 
actuated by hand wheel, controlling water valves and hopper gate— 
E-Batch hopper. 

tank to be closed (i. e. a pressure tank), the quantity of water for 
discharge being subject to convenient setting, (2) the inflow of 
water to the tank and the outflow to the mixer to be controlled 
by separate valves, and these to be connected mechanically so 
that, moving in either direction, one valve closes completely 
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before the other starts to open; (3) the valve operating mechanism 
to be interconnected with the batch-hopper gate, so that the 
relative timing of flow of water and flow of materials into the 
mixer may be adjusted (not by the mixer-operator at will but 
under the supervision of the superintendent, and not to be changed 
without dismantling) ; and (4) an interlock, so that after the water 
for a batch begins flowing into the mixer the full measured 
quantity must flow, and no further water can be added without 
repeating the entire cycle of another full charge. 


The equipment as developed includes a closed, vertical tank, 
the quantity of the discharge being controlled by a syphon whose 
break can be set by a dial; other methods of controlling the dis- 
charge, for instance by displacement, would be equally satis- 
factory if there is no leakage, the cut-off is positive, and the quan- 
tity of discharge accurate in accordance with the setting. The dial 
is provided with an offset to be set for the moisture, but with 
different sizes of commercial batches we have found it preferable 
to subtract the moisture arithmetically from the total water to 
be in a batch and set the dial for the water to be added. But - 
the unique feature of the installation is the mechanical inter- 
connection of the inlet valve, the outlet valve, and the hopper 
gate. This is accomplished by a train of gears, some having teeth 
on only a part of the circumference, which is actuated by a 
hand-wheel placed so that it can be whirled conveniently by the. 
operator. Starting with the tank full (which may be checked by 
a gage glass), inlet valve open, and a batch of aggregates and 
cement in the hopper whirling the handwheel through two full 
revolutions (it cannot be reversed from mid-position) causes the 
following sequence of events: (1) inlet valve closes, (2) outlet 
valve opens, admitting water to mixer, (3) hopper gate opens, 
admitting materials to mixer, (4) water discharge is so regulated 
that some water enters after all materials of the batch have 
entered. After the complete batch is in the mixer, the hand- 
wheel is whirled in the opposite direction, which reverses the 
sequence, the hopper gate closing, the outlet valve closing, and 
the inlet valve opening,-in order. 


This type of water measurement equipment has proven very 
satisfactory during the two years operation, being used by our 
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company on six two-yard central-mixers during the last season. 
The tank discharge has been quite accurate, checking repeatedly 
within 14 pint of the dial setting for quantities of 30 to 75 gallons. 
We have felt that the interconnection of the valves and the 
impossibility of the operator adding any water to that of the dial 
setting is a guarantee of accuracy, as it removes the human 
element. The positive relative timing of the introduction of 
water and materials into the mixer, as determined by experience, 
results in only a minimum collection of solid matter within the 
drum, which eliminates much of the labor and lost time of clean- 
ing; during the season a mixer used daily and flushed noon and 
evening with a charge of water, operates approximately two 
months between cleanings. And withal, the work of the operator 
is so simplified, both mentally and physically, that he can do 
more with greater reliability than if he must watch water gages 
and operate valves. 


In short, we feel that the extra investment in this type of 
mechanical equipment is justified by the assurance of accurate 
water measurement, which means more uniform concrete and hence 
better service to the trade. 


Novrres FROM EXPERIENCE IN MIxInG PLANT OPERATION 
BY N. D. CROWLEY* 


Ir I make frequent reference in this paper to our own plant, 
’ please attribute it to the fact that that is the only one with which 
I am thoroughly familiar, and am simply bringing up certain 
problems and the manner in which we solve them, with no recom- 
mentation as to the worth of the solutions. 


STORAGE OF AGGREGATES 


In designing a central mixing plant for commercial purposes, 
there are two prime factors which must be kept forcefully in 
mind at all times; one of them the storage of different aggregates 
in bulk; the other, storage of these same aggregates in the bins. 
By the former I mean ground storage principally, and by the 
latter, a bin of sufficient size to allow several compartments for 
different sizes of coarse aggregates. 


*President, Albany Trucking Co., Albany, N. Y. 
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It has been our experience many times in the last summer to 
have calls for concrete to be made of five different coarse aggre- 
gates in one day, and then for several succeeding days every 
customer seemed to want the same size. Obviously, if one is to 
give the customer what he wants, then it is not only necessary to 
have several compartments in the bins, but also that each com- 
partment have sufficient capacity in itself to take care of the 
rush days in any particular size. 

With this in mind, I believe therefore, that the material bin 
should contain not less than six compartments, and each com- 
partment not less than forty cubic yards. In a great many 
cases this may have to be reduced- because of the difficulty of 
loading such bins with a crane, but if SG this should be 
figured as a minimum. 


CEMENT 


Wherever it is at all possible to install a conveying system, 
bulk cement should be used. Not only is considerable labor 
saved, but cement in bulk is ten cents per barrel cheaper than 
the net price in cloth bags, and twenty-five cents per barrel 
less than in paper bags. In addition, when cement is weighed 
into the batch, which is the only accurate method, and one which 
is rapidly becoming obligatory, every pound which goes back to 
the mill in the sacks is the operator’s loss directly. 

The cement can be pumped or conveyed into a bin of about 
the same elevation as the material bin, and then conveyed by 
one or more screw conveyors to the cement weighing hopper 
which should be in close proximity to the material weighing 
hopper. 


MATERIAL CONTROLS 


On the mixing platform, the levers for the discharge of the 
fine and coarse aggregates into the weighing hopper, and the cement 
into its weighing hopper, as well as the controls of the water tank 
and batchmeter, should be banked in and around the operator. This 
can be very easily arranged, and is extremely important when 
the plant is in full operation. Combination bar and dial over- 
run scales for the weighing of the fine and coarse aggregates, and 
direct action dial for the cement. hopper, seem to be at the present 
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time, the most popular method of accurately measuring the 
materials. 


MIXER 


I believe that the mixer should be of three yard capacity so 
that the entire batch of whatever size up to and including three 
yards, can be mixed at one time. The original cost of a three 
yard machine over one of smaller size is not great, and will be 
more than offset in a short time by the saving in truck time at the 
loading plant. With this size machine we have found that three 
yards of concrete will be thoroughly mixed in two minutes after 
all of the aggregates are in the mixer. This is based on a batch- 
meter of standard make. 


TRUCKS 


We have become convinced that, in our section at least, the 
trucks should be of either one-yard or three-yard capacity; for 
the following reasons: 

A three-yard load can be hauled at a less cost per cubic yard 
mile than one of smaller size, but many smaller loads are required, 
and it certainly is not good business to send a six ton truck with a 
one or two ton load, if it is possible to avoid it. Since the great- 
est charge against hauling costs is the depreciation of hauling 
equipment, and since such depreciation is based on the original 
cost, one or more light, cheap, fast trucks of one yard capacity 
are a valuable adjunct to any plant. However, the moment the 
operator goes over this two-ton load, he must get into heavy 
equipment anyhow, and since the difference in original cost, 
between trucks capable of hauling three and four-ton loads, and 
those hauling six-ton loads, is slight, it seems to me he might 
better equip with the larger trucks for all loads over one yard. 
On the other hand, I do not think it practicable in most cases, 
with a commercial plant, to haul over three yards to the load 
because of the difficulty the customer may have in handling a 
larger amount on the job. 


TRUCK BODIES 


In connection with hauling centrally mixed concrete, | am 
frank to say that I feel there is not an entirely satisfactory body 
for all uses on the market at present, but of course with the growth 
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of this industry, there is sure to be one or more developed shortly, 
which will meet at least ninety per cent of the criticisms of 
engineers, consumers, and operators. Almost any body that is 
equipped with some means of breaking the concrete loose 
before dumping will handle concrete up to a three or four-inch 
slump satisfactorily, whether of the revolving, agitator or non- 
agitator type. We use a non-agitator type, and have hauled as 
far as eighteen miles from our plant with no particular trouble 
from segregation, but when we attempt to haul long distances with 
a sloppy mix, we do encounter difficulty with segregation. 


It therefore behooves each operator to determine for himself 
the nature of most of the concrete placed in his section, and govern 
himself accordingly in the type of body selected. For example, 
if the major portion of his work is to be roads and pavements, 
or other classes of work where particular attention is paid to 
the water-cement ratio, then he will not have much difficulty 
with segregation, regardless of the type of body. If, however, 
the major portion of his concrete will go to jobs requiring thin 
mixes as in small walls with fine reinforcement, then he should 
avail himself of any means he can to obtain or develop a body 
which will handle this kind of concrete. 

In this connection, I believe it to be of major importance that 
each operator strive continually to educate all of his customers 
against sloppy concrete. Many of them erroneously believe they 
will save labor by using a concrete which will flow readily, and 
thus require very little spading or tamping. Of course we all 
know that such concrete is far from being satisfactory, and in 
most cases the labor thus saved is actually used later in patching. 


DESIGN OF MIXES 


If it is at all possible to obtain the services of a concrete en- 
gineer and chemist to look after the quality of the concrete, and 
design the mixes, I think it is the first thing each owner should do 
before putting his plant in operation. 

In this way, scientific mixes will be established. Tests of the 
concrete at the mixer and on the job can be made systematically. 
Cement can be tested. Moisture contents can be taken frequent- 
ly, and corrected for immediately, as well as innumerable other 
duties, all of which will improve the quality of ‘the concrete, 
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besides taking care of the educational work necessary among 
engineers and architects. As an illustration, at our plant we 
now have a total of thirty different mixes. You can readily see 
that a layman would be entirely at a loss in figuring these and © 
be assured at the same time, that he was not only manufacturing 
good concrete, but that his yardage was exactly correct. I feel 
so strongly on this point that I am confident that when the time 
comes that all concrete will be sold on a strength basis, rather 
than a particular mix, the concrete engineer can easily save sev- 
eral times his retainer fee in cement alone. 


PEAK LOADS 


I wish to bring out one point which is more of a problem in 
operation than any other—peak loads. 

Obviously no operator can afford to own enough hauling 
equipment to take care of all of the business that may come to 
him at any one time, and we have endeavored to solve this par- 
ticular problem in the following ways: 

First: Continually impress upon customers the necessity of 
calling at least one day in advance of placing. 

Second: Prepare a schedule each evening so that the proper 
number of trucks will be allotted to each job the following day, 
and if possible, allow for one or two trucks to be free for incidental 
orders. 

Third: Allow plenty of time on this schedule for each truck, 
to take care of delays in transit or on the job. 

Fourth: Teaching drivers continually to impress on customers 
in a courteous way, that they are on schedule, and must not be 
held up. 

Fifth: If a customer calls, and all of the available trucks are 
scheduled to be busy until a certain hour, he is so informed, and 
we then make every endeavor possible to deliver the concrete at 
the exact time promised. 

From all appearances, the time is not far distant when prac- 
tically all concrete will be premixed. During this evolution, 
many of the problems, such as the last one mentioned, that of 
peak loads, will be permanently solved. I can conceive of a 
chain of plants interchanging hauling equipment. To illustrate, 
if each of five plants needed ten trucks to take care of its cus- 
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tomers satisfactorily, probably a total of thirty to forty trucks 
would be at all times sufficient to service all five, provided the 
trucks could be moved as needed from one plant to another. 
This, of course, immediately cuts the initial investment enor- 
mously. It also removes the bugaboo which faces each owner, of 
being unable to give proper service to each job. when there are 
several running at the same time. 


REcENT DEVELOPMENTS AND TRENDS IN THE COMMERCIAL 
CONCRETE BUSINESS 


BY FRED C. WILCOX* 


In srupyING recent developments in the design and operation 
of central concrete plants, we are confronted with the truth of an 
old saying that, ‘‘A little knowledge is a dangerous thing.’”’ The 
facts are that within the last two or three years the subject of 
central plants has become submerged in and largely subordinated 
to a new phase of the concrete industry known as commercial or 
ready-mixed concrete. Developments in this method of produc- 
ing concrete have been moving so rapidly that we have had to 
recast our ideas of central plant methods and equipment almost 
as soon as they were formed. 


I will not attempt more than to outline briefly recent trends 
in central plant methods in a cross-section of the ready mixed 
concrete business comprising the North Atlantic Seaboard 
States, where the activity has been most pronounced and has 
come under my personal observation during the last three years. 


Not quite three years ago, or in March, 1927, a bulletin issued 
by the Portland Cement Association on ‘Central Mixing Plants 
for the Manufacture of Premixed Concrete’’ listed only 29 plants 
in various parts of the country engaged in this infant industry. 
This list included only one plant east of Pittsburgh. It gave no 
estimate of the amount of capital invested in these plants, but 
assuming $50,000 as the probable average cost of plant equipment 
and transporting units used at that time, the total investment was 
only about a million and a half. 
~ *New York City. 
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Two and a half years later, or in September, 1929, the Portland 
Cement Association had received reports from its district offices 
indicating at least 125 commercial concrete plants in various 
cities and towns throughout the country. My own first hand 
survey at that time showed 88 plants in 23 cities and towns east 
of Pittsburgh. These were confined to six New England and 
North Atlantic States and the District of Columbia. The average 
cost of equipment for making and transporting concrete in the 
modern commercial plant is now probably in excess of $80,000. 
This is exclusive of the value of plant sites and buildings; so the 
total capital invested in this rapidly growing business has in- 
creased about ten times in the last two or three years, and is now 
well in excess of ten million dollars. 


It is evident that the increasing use of ready-mixed concrete 
will be a dominant factor in the development of central plant 
methods, therefore it is of interest to estimate the present rate 
of production of commercial concrete. We have no exact pro- 
duction figures on the whole industry, but we can get a sufficiently 
accurate picture by taking the known output of nine average 
plants in large and small towns in four Atlantic States over an 
average period of six months operation in 1928 and 1929. The 
largest of these plants produced concrete at the rate of 115,200 
cu. yds. a year, the smallest at 3600 cu. yds. a year, and the 
average rate of the 9 plants was slightly over 45,000 cu. yds. a 
year. The average selling price was around $9.00 a cu. yd. 
Using these figures as a basis of calculation, commercial concrete 
was being turned out in the United States at the end of 1929 at 
the annual rate of over 5,000,000 cu. yds., which in value is close 
to $45,000,000. 


It is true this is not much over 5% of the total amount of con- 
crete used in the United States in 1929, but the volume is so 
great and the proportion is increasing so rapidly that it justifies 
the serious study which the Institute has undertaken of central 
plant methods of manufacture and control. 


Within the last three years the making and marketing of 
central plant concrete appears to have fully established its sound- 
ness from an economic standpoint. At the same time it has been 
gctting on a sounder footing from an engineering angle, due large- 
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ly to a growing recognition of the principle that in order to estab- 
lish the business on a thoroughly sound and permanent basis, 
ready mixed concrete must show its ability to improve quality 
consistently along with its possibility of lowering production 
costs. 

The strongest evidence of this is to be found in a number of 
changing trends in the methods of producing and transporting 
commercial concrete. These methods fall into two general classes 
known as the wet system and the dry system. In the wet plant 
system, the concrete is premixed in a stationary central plant 
mixer and hauled to the job in various types of units. The dry 
plant system includes a central proportioning plant and truck- 
mounted mixers for mixing in transit or after they have reached 
the job. Both methods are central plant systems, the essential 
difference being in the units used for transporting the concrete 
from the central plant to the point of deposit. 

Up to two years ago, a majority of commercial concrete plants 
were wet plants. Based on experience prior to that time, it had 
become a pretty general assumption that the best control of 
concrete could be secured in the central mixing plant, or wet 
type plant. This assumption, however, appeared to neglect the 
factor of control while transporting the concrete from the central 
plant to the point of deposit, and the tendency to transport it 
in various types of units such as plain bodies, bath tub bodies 
and non-agitating bodies, until finally the agitator body designed 
to prevent segregation in transit was developed and came into 
more general use. 

Within the last year, in the section covered by my study, there 
has been an unmistakable trend toward the system of central 
proportioning and mixing in transit, which may be termed the 
truck mixer system, as contrasted with the central mixing plant 
method of premixing the concrete and hauling it in agitator 
bodies. This trend is evidenced by the fact that in a total of 26 
plants installed and put in operation in’ this section in 1929, 
fourteen were dry plants and only twelve wet plants. Prior to 
that time, practically all commercial concrete plants installed in 
this territory had been wet plants. In the metropolitan sections 
of Boston and New York, nine out of thirteen new commercial 
plants put in operation in a period of twelve months ending in 
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September, 1929, were dry plants. Without getting into a techni- 
cal discussion of the relative merits of the two systems, it may be 
well to analyze the apparent reasons for this changing trend in 
commercial plant operation, and its soundness from the viewpoint 
of design and control of central plant concrete. 


From an operating standpoint, which is no doubt an important 
factor in this trend, there appear to be a number of advantages in 
the system of central proportioning and mixing in transit. Passing 
over these briefly, they include, lower initial plant cost by-elim- 
inating the central plant mixer and saving about ten feet in 
headroom; lower plant operating cost and a saving of truck time, 
in which the elimination of mixing time at the central plant is an 
important factor because with truck mixers the mixing time can 
be absorbed in the hauling operation; and greater flexibility in 
extending plant operations. Eliminating from this analysis the 
admittedly cheaper hauling units such as plain bodies, bathtub 
bodies and non-agitator bodies, on the ground that they can have 
no permanent place in building up the ready mixed concrete 
industry on a sound basis, there is very little if any difference 
between the cost or the weight of properly designed agitators and 
well designed truck mixers. Furthermore, a good truck mixer 
is essentially a good agitator, and can be used in either the wet or 
dry plant system to equal advantage. 


Coming to the engineering angle, which includes not only the 
mixing but the transporting and placing of concrete, it seems to 
me we find the most important considerations for the trend 
toward the mixing in transit system. It seems to embody all of 
the best processes and practices that have been developed in the 
making of concrete. This applies to both scientific control and 
economy of manufacture. It is a central plant system, and there- 
fore includes all the advantages and economies of centralized con- 
trol which are a part of the central mixing plant method of pro- 
duction. 


It permits centralized control and inspection of aggregates. 
It includes accurate control of water, either at the central batch- 
ing plant (in the same manner as in a central mixing plant), 
or in transit to the job. 

In truck mixers the actual mixing process can be completed in 
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mixing units of standard and proven design, that is, revolving 
drum mixers, with an effective mixing time longer on the average 
than that specified in a central plant mixer. Moreover, it can be 
lept under equally good control with a simple batchmeter device 
for recording the number of drum revolutions while the truck 
mixer is in transit to the job or after it has reached the job. 

In short, the truck mixer system (as compared to the central 
mixing plant system which involves the hauling of premixed 
concrete to the job in agitator or other type bodies) appears to 
afford the best possible control of the time element in mixing, 
transporting and placing concrete, because admission of water 
and the starting of the actual mixing process when desired can be 
regulated to suit the length of haul and the possibility of delays 
in receiving and placing the concrete, so as to preserve its original 
strength and workability and avoid the possible effects of pre- 
mature initial set. 


‘Tue Uss oF CENTRAL MIxING PLANTS BY THE PoRT OF 
New York AUTHORITY 


BY A. W. MUNSELL* 


THE QuaLity of the concrete required under present day 
specifications can be obtained only by methods of control that 
will deliver specified mixtures and uniform batches, both of 
aggregates and water. From the beginning of the work on the 
two bridges across the Arthur Kill between Staten Island and 
New Jersey to their completion in 1928 the central plant principle 
was followed by the Bridge Department of The Port of New York 
Authority, and has been included in all specifications covering 
the Kill Van Kull Bridge between Bayonne, N. J., and Port 
Richmond, 8. I., and the world’s largest suspension bridge, the 
Hudson River Bridge, between 178th Street, New York City 
and Fort Lee, N. J., both of which are now under construction. 

The methods used have included volume, inundator, and 
weighing batchers, and the specifications for the last two years 
have required that all aggregates be measured by weight ex- 
clusively. 

In all there have been six central mixing plants and 11 batching 
plants. The batching plants were all in building supply dealers’ 


*Engineer of Masonry Inspection, Port of New York Authority, New York City. 
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Fic. 1—OvuTERBRIDGE CROSSING—TYPICAL HOPPER CARS WITH 
SIDE DISCHARGE AND FOLDING CHUTES 


yards but have met our specifications for measurement by weight. 
In all cases the weights were set by inspectors permanently 
assigned to the yard and all batches were measured under their 
supervision. The batches were hauled in compartment trucks to 
paving mixers where other inspectors fixed the amount of mixing 
water for the particular job. 


All the aggregates and cement were inspected and tested before 
shipment. The aggregates were all shipped by water and the 
inspector at the pit or quarry gave a ticket to the barge captain 
for delivery to the inspector, which included all the necessary 
information for the concrete inspector to make such changes in 
his weights as were indicated. 


Five of the central mixing plants are described only briefly 
because they presented no novel features of a mechanical aspect 
nor. overcame any topographical difficulties. 


OUTERBRIDGE CROSSING—-PERTH AMBOY APPROACH PIERS 


This plant was set up at the water edge approximately 500 ft. 
south of the bridge right-of-way on a dock built for this purpose. 
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The aggregates and sacked cement were delivered on barges and 
lighters and the aggregates were lifted by a clam shell bucket 
operated from a stiff leg derrick to hoppers over the mixing plant. 
The equipment consisted of an inundator for fine aggregates and 
volume batcher for large aggregates and the aggregates dropped 
into a hopper from which two 21-S mixers were fed alternately. 
Cement was carried up to the mixing platform on a belt conveyor 
on which batches of loose cement were dropped from a hopper at 
the lower end into which the cement had been emptied from the 
sacks, and the cement from the belt fed into a screw conveyor on 
the batching platform from which it dropped to the hopper 
holding the aggregates. The concrete was carried in side dump 
buckets on an industrial railroad to the pier locations where they 
were picked up by a crane and on the higher columns were dis- 
charged into a skip at the bottom of a mast and elevated to a 
hopper which discharged into a chute for final placing. The water 
was controlled from the auxiliary tank accompanying the inun- 
dator. 
OUTERBRIDGE CROSSING—BRIDGE DECK 


The same plant was used for the deck concrete except that 
weighing batchers were substituted for the inundator and volume 
box and a homemade water tank with an adjustable overflow 
pipe was used for control of mixing water. The concrete was 
discharged into side dump buckets hauled approximately 700 ft. 
to the bottom of an elevator where the buckets emptied into a 
skip which was raised 140 ft. to a hopper with a capacity of 
three yards, elevated approximately 12 ft. above the bridge deck 
from which the concrete was drawn off into industrial cars with 
a hopper elevated about 8 ft. above the rails and equipped with a 
side opening gate which discharged into a folding chute attached 
to the cars. The cars were hauled on a standard gauge track 
with gasoline dinkeys to the place of deposit where sufficient fall 
was given by the height of the cars to chute the concrete into 
place. The haul was approximately 5,000 ft. from both sides of 
the elevator. 


GOETHALS BRIDGE—BRIDGE DECK 


This plant was at Howland Hook, 8. I., and was similar in all 
respects to the above described plant except two 28-S mixers and 
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Fic. 2—BAYONNE-PORT RICHMOND BRIDGE—FLOATING MIXING 
PLANT EQUIPPED WITH WEIGHING BATCHER FOR BULK CEMENT 


closed water measuring tanks were used. The mixers discharged 
directly into an elevator skip which was raised above the deck 
to a hopper for emptying into the same type of cars described. 
The haul for this bridge was approximately 4,000 ft. on each side 
of the elevator. 


KILL VAN KULL BRIDGE-—MAIN PIER 


This was a floating plant, which was used first, for the main 
pier at Port Richmond and then moved across Kill Van Kull to 
the Bayonne pier site. This plant was equipped with an inun- 
dator for fine aggregate, a volume batcher for large aggregate and 
a weighing batcher for the bulk cement which was used on this 
contract only. In operation, a barge of aggregates loaded one- 
third fine and two-thirds coarse was placed on one side of the 
plant with a lighter of bulk cement on the other. A stiff leg 
derrick mounted on the mixing plant equipped with a clam shell 
bucket kept the hoppers of the aggregate and cement bins filled. 
A tarpaulin cover was kept over the cement bin all the time except 
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when being filled. For the Port Richmond pier cement was 
shipped in bulk in ordinary box cars to Jersey City, N. J. and 
transferred by gravity in chutes to the lighter. On the Bayonne 
pier the cement was shipped in sacks to Jersey City, N. J. and 
the sacks emptied into the lighter. In operation, the aggregates 
with the weighed amount of cement were discharged into a two- 
yard mixer which emptied into an elevator skip mounted on the 
concrete plant barge. The skip was raised approximately 60 ft. 
and discharged into a hopper which fed into a system of chutes, 
suspended on a cable, that extended from the top of the elevator 
framing to an anchorage on shore. _These chutes distributed the 
concrete to the place of final deposit. 


HUDSON RIVER BRIDGE—NEW JERSEY TOWER BASES 


This plant was erected at the base of the Palisades approxi- 
mately 150 ft. from the delivery point of aggregates and cement 
which were received in barges and lighters. The aggregates were 
carried on a conveyor belt fed from a hopper to a bucket elevator 
and alternately carried fine and coarse aggregate as required. 
The bucket elevator, approximately 50 ft. high, was equipped 
with a flapper gate at the upper end which alternately discharged 
into the fine and coarse bins over the weighing batchers, which 
served one two-yard mixer equipped with an open top water 
measuring tank calibrated and adjustable to measure the amount 
of water to one quart. The cement in sacks was unloaded on 
conveyor belts to a cement storage shed close to the plant from 
whence it was conveyed on a belt to the mixer platform as needed. 
The concrete was discharged into two-yard capacity bottom 
dumping buckets set on industrial cars which were hauled approx- 
imately 100 ft. to be within reach of the boom of a stiff leg derrick 


which picked up the buckets and lowered the concrete into its 
final position. 


HUDSON RIVER BRIDGE—NEW YORK ANCHORAGE 


This plant presented some unique problems aside from the 


large mass of concrete involved (108,000 cu. yds.) and is described 
more in detail than the others. 


The storage piles of aggregates and the shed for cement storage 
were at the waters edge approximately 800 ft. from and 120 ft. 
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lower than the site of the mixing plant, and across a railroad cut 
approximately 250 ft. wide. The roughness of the topography 
required the building of a wooden trestle, in some places 60 ft. 
high, and a suspension bridge supported on 2-1-in. wire cables 
across the railroad cut to bring the aggregates and cement to 
the mixing plant. 


Aggregates and cement were received in barges and lighters at 
the dock where the aggregates were unloaded by clam shell 
buckets operated by a stiff leg derrick which dumped on a tunnel. 
In the tunnel a 26-in. belt operating at a speed of 375 ft. per 
minute received either coarse or fine aggregates from segmental 
gates, opened in a fixed position for the flow of the proper amount 
of material without spilling. This conveyor emptied onto another 
belt of the same width at right angles to the first, rising at an 
angle of approximately 16° which discharged onto a third belt 
of the same width just short of the suspended span over the rail- 
road cut, which in turn carried the material to a 300-ton steel 
bin over the batchers. These two belts operated at a speed of 
400 ft. per minute and had a capacity of 300 tons perhour. The 
belts. operated on troughing idlers, were equipped with screw 
take-ups and were belt driven from electric motors. 


The cement in sacks was unloaded by ships tackle from the 
lighter to the mixing plant on one continuous belt, 20 in. wide, 
operating at a speed of 90 ft. per minute and had a capacity of 
50 tons per hour. Most of the cement was conveyed to the 
mixing plant, but surplus storage was provided in a shed at the 
dock. 

The mixing plant equipped with two 28-S mixers operated by 
electric motors were served with one 6,000 lb. weighing batcher 
dumping alternately in hoppers behind each mixer. 

Cement was introduced in the hoppers behind the mixers in a 
12-in. diameter pipe, with a flared upper end and a flapper valve 
at the bottom, which was filled with the proper number of sacks 
per batch, emptied into the pipe from the cement storage dock 
about 12 ft. above the mixing platform. 

Closed water measuring tanks, equipped with two air release 
valves and calibrated to half gallons supplied the mixing water 
for each mixer. 
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Fic. 3—HvupDsoN RIVER BRIDGE—MIXING PLANT (IN LEFT FORE- 
GROUND) FOR THE FIRST SECTION OF THE NEW YORK 
ANCHORAGE 


Each mixer was equipped with a timing device of the escape- 
ment type which automatically locked the discharge chute and 
fixed the duration of the mixing time to 14% minutes. 


The mixers discharged into a hopper of 3 eu. yds. capacity 
which fed onto a 22-in. belt approximately 150 ft. long, carried 
through a tunnel in the south wing of the anchorage, operating at 
a speed of 550 ft. per minute, with a capacity of 150 tons per hr. 
This belt discharged into a two-yard capacity hopper at the foot 
of a 260-ft.-high tower placed in the center of the anchorage and 
equipped with a 36 cu. ft. reversible bucket and two 75-ft. booms 
and 75 ft. counterweights placed on opposite sides of the tower 
on sliding frames. This equipment gave complete coverage of 
the anchorage area. 


The hopper at the mixer and the hopper which discharged into 
the hoisting bucket were made of ample size for the purpose of 
giving continuous operation for mixing and placing plants even 
though one or the other might be stopped for several minutes. 
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The tower hoist was operated by a 100 h. p. electric motor 
giving a line speed of 380 ft. per minute which could be increased 
to 425 ft. per minute by lagging the drum. 


All motors were built for continuous duty and started under 
full load. This applied to those on the belts as well as on the 
hoist and mixers. 


The plant mixed and placed as high as 1,600 cu. yds. in 20 
hours in two shifts. 


As a large portion of this work was in the Fall and Winter a 
50 h. p. steam boiler was used for heating the water which supplied 
the measuring tanks. Also the hoppers of the aggregate bins were 
lined with steam coils to thaw and heat the aggregates. This 
equipment was adequate to supply concrete which in no case was 
below 50° F. 


Field laboratory. For control of the quality of the concrete a 
field laboratory was set up in a space under the mixing plant, 
where specimens were made for tests in compression, and the 
examination of the aggregates for moisture content in order that 
changes in the amount of mixing water might be made quickly. 

The concrete was designed according to the water-ratio law 
for a strength in compression of 2460 lbs. at 28 days with 7 gals. 
of water and 5 sacks of cement per cu. yd. of concrete in place. 


Test results from 283 8x 16-in. cylinder test pieces broken 
at 28 days show an average strength of 2390 lbs. per sq. in. in 
compression of which 79 per cent of the specimens were within 
20 per cent of the average. On completion of the work it was 
found that 108,022 cu. yds. of concrete had been placed, using 
525,474 sacks of cement at the rate of 4.86 sacks per cu. yd. of 

concrete. 


Preliminary tests—object. In the operation of the plants the 
proportions to be used and the amount of water are fixed by the 
results of preliminary tests of the aggregates and cement that 
are to be used on the particular contract. The object of these 
preliminary tests were: (1) To obtain data as to the change of 
strength when the ratio of the water to the cement was varied. 
(2) To determine how the grading of the aggregates affected the 
workability and what grading of the aggregates limited the work- 
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ability of the resulting: concrete. (3) To determine the most 
economical mix that would give the desired consistency with the 
safe minimum strength required by the specifications. 


Materials. The cement was required to meet all the require- 
ments of the A. 8. T. M. specifications and the aggregates met 
our requirements as to size and grading, and the A. S. T. M. 
specifications as to physical properties. The coarse aggregates 
are a combination of two commercial sizes, 21% in. to 114 in. and 
114 in. to 3g in. The fine aggregates are a combination of com- 
mercial sand, and grits, which is a pea size gravel finer than a 
34-in. screen and held on a No. 8 sieve. 

The fine and coarse aggregates were used in a room dry con- 
dition, the surface moisture had evaporated but the absorbed 
moisture was still retained. This method permitted the use of 
0 per cent moisture content and the disregard of the water that 
would be absorbed by the aggregates before the concrete had set. 
If the aggregates had been dried to a constant weight, an extra 
quantity of water would have to be added to the mixing water 
to give a proper water-cement ratio after part of the mixing water 
had been absorbed. The use of absolutely dry aggregates would 
affect the consistency also as there would be more water present 
at the time of mixing than should be for any given water-cement 
ratio. 


Methods. The fine and coarse aggregate was separated in their 
several sizes and re-combined to meet a fineness modulus of 7.5 
for the coarse and 5.0 for the fine. The fine and coarse aggregates 
were mixed in varying proportions of each so that the F. M. of 
the mixed aggregates were 5.2, 5.4, 5.6, 5.8, 6.0 and 6.2. The 
weights per cu. ft. of these different mixed aggregates were de- 
-termined by the A. S. T. M. standard method which were used in 
computing the volume of mixed aggregates in each batch. 


Water ratios of .7, .8, .9, 1.0 and 1.1 were used in making the 
test pieces, the concrete for which was made in the following 
manner: Fine and coarse aggregates were mixed to give the 
desired F. M. of mixed aggregate and in an excess quantity of 
the amount required for one cylinder. This mixture was added 
to a cement paste of the water-cement ratio for the particular 
specimen until the desired consistency was reached as measured 
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by the slump test. The concrete was molded into a 6 x 12-in. 
cylinder in accordance with A. S. T. M. standard methods and 
the excess concrete was measured in another cylinder, and the 
volume of this concrete was used in computing the actual yield. 
The remaining mixed aggregate was then weighed. The difference 
between the original weight and the weight of the mixed aggre- 
gate remaining gave the amount of mixed aggregate in the batch. 

Test pieces were made for each different F. M. and W/C on 
five different days until the groups had been repeated five times. 
Two of each group were broken at 7 days and three at 28 days. 

Calculations. The following data were recorded when the 
test pieces were made: The quantities of cement, water and 
mixed aggregates used; the unit weights of the fine, coarse and 
mixed aggregates; and the F. M. of this fine, coarse and mixed 
aggregates. From this information the real mix (one part of 
cement to — parts of mixed aggregates by volume in dry and 
rodded condition), the nominal mix (one part of cement to — 
parts of fine aggregates to — parts of coarse aggregates by volume 
in a dry and rodded condition), and the number of sacks of 
cement required for one cu. yd. of concrete, were calculated. 

The strength of the test pieces having the same water-cement 
ratio were averaged to obtain the strength for each water-cement 
ratio, and these average strengths were used in computing the 
constants for the exponential equation S = a= From this 
equation, using the computed constants, curves were drawn for 
use in the field. 

The water-cement ratio law has been in effect on all contracts 
since the beginning of work, and in order that it might be under- 
stood lectures were given to groups of engineers’ and contractors’ 
men at each new contract, and in the case of individual inspectors 
who take the samples and make the specimens, instructions were 
given at the laboratory where the theory of the water-cement 
relation and the proper sampling and making of test pieces were 
explained and demonstrated by qualified instructors. 

The excellence and uniformity of the concrete resulting from 
these control methods are partly shown in the summary of the 
results from 7 contracts in which the data given by the prelim- 
inary tests is compared with the results of the tests obtained from 
the same materials taken in the field. 
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It will be noted that all of the ingredients of the cgncrete are 
variable except the water. All of the materials were weighed 
either at central mixing plants or at central batching plants, 
except the laboratory building where the proportions were fixed 
by struck off volumes compensated for bulking in both aggregates. 

In the strength results a maximum difference of 8 per cent is 
shown between the average strength of the preliminary tests and 
the average actual strength from the tests in the field. These 
results are from all test pieces, none were eliminated for any 
reason, although some individual tests could have been discarded 
for poor sampling or poor workmanship in the test pieces. All 
results were taken as being representative of the whole mass. 
The difference between the average preliminary test strengths and 
the average field strengths is ninety lbs. or approximately 3.0 
per cent. The maximum difference in the preliminary tests is 
370 lbs. or 13.4 per cent and the field tests 290 Ibs. or 10 per cent. 

The economy in the use of cement to secure a safe minimum 
strength without waste is shown in the comparison of sacks of 
cement used per cu. yd. of concrete where the actual cement used 
over the expected was kept within 5 per cent of the quantity pre- 
dicted or 5 Ibs. in the cu. yd. of concrete. While some of these 
contracts used slightly less cement than was recommended there 
was no aim to save cement over the quantity recommended for 
each contract. The large runs of concrete per day helped to 
save cement as there was less loss of concrete caused by changing 
from one location to another. 

Our specifications require that this class of concrete shall have 
a minimum strength of 2500 lbs. per sq. in. at 28 days using 6144 
gallons, or less, per sack of cement. The results of preliminary 
tests showed that strength from 10 to 20 per cent higher than 
required could be obtained using 61% gallons of water, and the 
water was not reduced as this was considered a safe working 
margin and gave added workability. 

The maximum difference in proportions from those recom- 
mended was .11 of a part in the fine aggregate and .24 of a part 
in the coarse aggregate in the first two contracts in the tabulation 
only, which was largely due to a change in the source of the fine 
aggregate which caused a reduction in the proportions to secure 
proper workability. The other proportions used are so close to 
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those recommended that they are practically the same, which is 
due to the uniformity of the aggregates, the grading of which 
was kept constant by the use of a two size fine aggregate and a 
two size coarse aggregate which permitted different combinations 
of these sizes as required to give the same results. 

These same remarks apply to the differences in the recom- 
mended real mix compared with the actual real mix as used in 
the field. 


CONCLUSION 


The use of central mixing plants and central batching plants 
has been found to give uniform concrete both in regard to con- 
sistency and strength, and is economical to both the owner and 
the contractor in that it insures uniform strength for the owner 
and uniform consistency and workability for the contractor. 
There is no added expense in the field required by these plants as 
an inspector would be required in any case in the placing of the 
concrete, and only a small portion of his time is taken for adjust- 
ment of the water. 


Readers are referred to the JouRNAL for September 1930 (Vol. 27, 
No. 1) for further discussion which may develop. Such discussion 
should reach the Secretary by August 1, 1930. 


Discussion of Report of Committee 502 


Proposep ‘‘CONSTRUCTION SPECIFICATION FOR 
CoNnCRETE WoRK ON ORDINARY BUILDINGS*” 


BY H. M. BROWN] (BY LETTER) 


The construction specification proposed by Committee 502 in 
the November JoURNAL was tentatively adopted by the 26th 
annual convention, subject to amendments here recorded, as: 
Tentative Construction Specification for Concrete Work on 
Ordinary Buildings (502-80T). Written discussion of the 
specification as first proposed is published here, followed by 
Mr. Lord’s discussion in presenting the report to the conven- 
tion. If the tentative specification stands without further 
amendment, it will be in order at the 1931 convention to move 
its submission to letter ballot as an Institute Standard. There 
will be further opportunity for discussion in the JOURNAL for 
September 1930 (Vol. 27 No. 1). Such discussion should 
reach the Secretary not later than August 1, 1930.—EnpiTor. 


Ir 1s disheartening to see that a contractor is still required to 
furnish labor and material regardless of the fact that they are not 
definitely shown either on plans or in specifications. Certain 
items, as for example lintels and copings, may or may not be of 
concrete. If the plans and specifications are so indefinite as not 
to show the type of construction desired, shall they be furnished 
by the contractor? If the contractor is ordered to furnish any 
labor or material not definitely shown on the plans or listed in the 
specifications, shall the contractor design such members as are to 
be placed? In my opinion this specification would be improved 


*Presented by Committee 502, Mixing and Placing Concrete in Buildings, JouRNAL OF THE 
AMERICAN Concrere Inst1TuTE, November 1929, Proceedings, Vol. 26, p. 1. 
yAssistant Chief Engineer, The Foundation Co., New York City. 
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by the exclusion from section two of the latter part of the first 
sentence: “and also all usual necessary and essential portions of a 
structure of this type that would commonly be made of plain or 
reinforced concrete, whether or not they are definitely shown on 
the plans or listed in the specification.”’ 

The second paragraph of section eleven, appears to me rather 
indefinite. Is the assumption that no bars shall be placed further 
apart than six inches correct? Does not this paragraph place 
some burden of design upon the contractor? Some designing. 
engineers place reinforcing in concrete slabs resting upon the 
ground. This paragraph encroaches upon the design of reinforced 
concrete, it adds nothing to the quality of workmanship and 
should be eliminated from this specification. 

I question the results which will be obtained by the application 
of the provisions of the second paragraph of section twelve 
wherein the oiling of forms is required after they have been kept 
continually moist after erection. 

I agree with Mr. MacMillan’s statement that good results can 
be obtained in placing concrete under water by means of special 
bottom dump buckets. The placing of concrete under water is 
not one which should be covered by a general specification for 
ordinary buildings. The purpose to be served by the under water 
concrete, the material upon which it is to be placed, and other 
considerations, render this feature one which should be covered 
more specifically and fully than by the statement that it shall be 
placed only by the tremie method. 


BY J. E. LAMBIE* (BY LETTER) 


I note it is suggested that concrete shall be mixed at least one 
minute. 

Of course, this is O. K. for the old style batch mixer, but it is 
also obviously possible to get more actual mixing done in ten 
seconds than the old batch mixer can do in even two minutes, 
therefore if there is a quicker and better way, why not open the 
door wide for its use? 

Perhaps if all concrete were made by the vigorous positive 
centrifugal force grinding, slicing and churning method we 
employ in our machine, there wouldn’t be so many failures. 


*President, Lambie Concrete House Corp., Cleveland. 
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Certainly it seems to me that any system that has received the 
intelligent attention and work and expense we have devoted and 
contributed to the art should be most carefully investigated before 
any codes are made that would prejudice the interest and use of 
such improvements. 

In our testing a lot of concrete has been made and poured and 
some of it under most adverse conditions, to prove our theories in 
a practical way in the field, and there is yet to be recorded a 
single failure or job that has not stood up well and with big 
margins of safety and strength and appearance, even including 
some jobs on which we experimented with some little misgiving, 
based on council and precedent, which said the thing couldn’t 
be done. 

I don’t mean by this that I would advocate using poor ag- 
gregates while good aggregates were available at reasonable cost, 
but there are times and places where the inferior aggregates can 
be used to advantage and still produce a quality product suitable 
for the purpose. 

We have cast houses here from lake beach sand and gravel, also 
in Florida of the Florida shell sand, and every job that was ever 
turned out by our machines is A-1 quality concrete. 

I would like to see this point of time for mixing so dealt. with 
that it applies as intended to the particular type of machine being 
dealt with, and this does not apply in same way to my machine as 
it does to the batch mixer, for in the case of the batch mixer the 
speed of the cylinder is restricted to allow gravity to overcome 
centrifugal force, while in my machine we do not depend upon 
gravity and may run slow or speed up at will to hasten the process 
of mixing and the same is true of our pump conveyor apparatus, 
the speed of which may be regulated to suit the conditions. 


BY JOHN G. AHLERS* (BY LETTER) 


I am impressed by the fine work done in this specification. 

It is very evident that the contractors’, as well as the engineers’ 
problems are in mind. 

There are one or two little items on which I do not agree. 
The first, in article 10, prohibiting the use of reshoring. I assume 
that this clause could be waived where competent contractors 


*Secy. and Treas., Barney-Ahlers Construction Corp., New York City. 
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were on the job who remove forms only where the concrete is 
capable of sustaining its own load, and in such cases you would 
allow reshoring to take care of any later, superimposed construc- 
tion load. 

Article 14, prohibits the use of twisted wire in applying patches. 
_ We find that twisted wire for small openings, such as heat holes, 
etc., is very helpful and does not cause any more deflection than 
forms supported by shores from below. 

I suggest an addition in Article 26 for the inclusion of a steam 
line to blow out the snow and ice from the forms during winter 
weather construction. 


BY K. H. TALBOT* (BY LETTER) 


Attention is called to Article 19, Time and Mixing, in which 
one full minute is required to elapse between the time when all 
the material for any given batch is placed in the mixer and the 
time when the first concrete of that batch is discharged from the 
mixer. Results of tests made by Professor Talbot, lead us to 
recommend that this wording be changed to read “One full 
minute shall elapse between the time when all materials for any 
given batch, not including the water, is placed in the mixer and 
the time when the first concrete of the batch is discharged from 
the mixer.’ You can readily realize that the problem of dis- 
tributing as little water as we are now using to a batch of the size 
required for a one-yard mixer, is not a simple one and that if you 
are to obtain that uniformity of concrete which is so essential to 
the success that you desire, consideration should be given to 
getting the best results inside of the mixer. If the water is put in 
too early, the first of the batch as received by the drum will take 
up a considerable amount and the last of the batch will not have 
enough; whereas, if it is allowed to enter the drum ahead of the 
material and continue to flow for some time after the material is 
in the drum, this will be entirely eliminated. 

In Article 20, Conveying Concrete, and in Article 21, Placing 
Concrete, there is a question whether sufficient consideration has 
been given to the possibility of developing a mechanical means for 
placing concrete, which mechanical means can do it more ex- 
peditiously than by the use of wheelbarrows or carts—perhaps 


*Director of Research, Koehring Co., Milwaukee. 
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the application of the belt conveyor or the boom bucket. 

We have long felt that quality and uniformity, rather than 
methods, should be specified by engineers, leaving to the initiative 
of the contractor and the manufacturer the problem of developing 
equipment that will meet this requirement. 


BY C. 8S. WAGNER* (BY LETTER) 


Our feeling with reference to Article 20, is that the statement 
that ‘concrete may be conveyed by any means which will not 
result in segregation”? should suffice and that it is both un- 
necessary and in a way unfair to further the foregoing statement 
with a direct prohibition such as: “it shall be transported in 
buggies or wheelbarrows to its final position in the forms.” 

We are certainly in accord with any steps which may be taken 
by anyone to the end that a concrete be produced which is the 
best concrete from what may be termed an economic standpoint. 
We do feel, however, that any body of engineers which goes be- 
yond a stipulation as to the ultimate result which is to be obtained 
is taking action outside of their proper field of endeavor. The 
engineer certainly has the right to determine what specification 
requirements should be made, but it is felt that it should be left 
to the contractor to obtain the desired result as he best can. 

It occurs to us that any other method of procedure serves to 
smother the initiative of both manufacturers and contractors who 
are endeavoring to further the use of concrete. 

A specification such as the one under discussion would not only 
limit the use of chutes but would also limit the employment of 
belt conveying apparatus, a system of concrete handling which 
is undergoing considerable investigation at this time. 

Commenting upon the last five lines of Article 20, we do not 
know just what it is intended that the specifications shall cover. 
Concrete would not move any considerable distance from the 
end of a chute in a horizontal direction and when it comes to the 
vertical drop section we can see no difference between dropping 
concrete from the end of a chute or from the edge of a wheelbarrow 
or concrete buggy. Perhaps the chuting side of the problem has 
not received the consideration which is merited and perhaps the 
committee is unaware that within recent months a new chute has 


*Sales Manager, Insley Manufacturing Co., Indianapolis. 
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been produced, designed especially to handle dry concrete mix- 
tures and that we have data which indicates that concrete having 
a slump as low as 24% inches has successfully been handled 
through comparatively long chute lines with a complete absence 
of segregation. 

It is and always has been our idea that the chute has more 
or less been made the goat and that the real solution of this 
strength of concrete problem lies at the mixer rather than in the 
conveying system. If concrete is correctly proportioned at the 
mixer and means provided to secure uniformity of the batches we 
feel very sure that good concrete will reach the forms irrespective 
as to whether chutes, wheelbarrows, buggies or concrete con- 
veyors may be used as the conveying medium. 


BY J. H. WASSON* (BY LETTER) 


I suggest one change in this excellent specification. Paragraph 
9 of Article 29 requires that “sidewalks and parking strips shall 
be laid on top of a plain cinder filling at least 5 in. thick.” It is 
my observation and belief that cinders placed under sidewalks 
and parking strips often do more harm than good. When drains 
are not provided, which is usually the case, the cinders may act 
as a catch basin and increase the damage due to freezing, etc. 
Experience has proven that cinders are not essential. They add 
very materially to the cost and are not obtainable locally at 
many places where important structures are to be built. It would 
seem highly desirable from the standpoint of waste elimination in 
construction, that cinders should not be specified for use under 
sidewalks and parking strips in a general specification such as 
this one. 


BY STANTON WALKER} (BY LETTER) 


My comments refer only to Sections 6 and 7 covering aggre- 
gates and are in two parts, as follows: 

1. Discussion of authority of Committee 502 to prepare 
specifications for concrete aggregates. 

2. Comments on certain features of the specifications which 
that committee has proposed. 


*Engineer Representative, Peerless Cement Corp., Detroit. ' 
+Director, Engineering and Research Division, National Sand & Grave! Assn., Washington, 
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1—Scorr or comMITTEE 502 

The title of Committee 502 is ‘“Mixing and Placing Concrete 
in Buildings.” This title does not indicate that the preparation 
of specifications for concrete aggregates falls within its scope. 
The Board of Direction of the Institute evidently did not intend 
that it should, for it established Committee 201, Aggregate 
Specifications. 

Committee 502 has proposed specifications for fine and 
coarse aggregate differing from the recommendations of old 
Committee E-5—now replaced by Committee 201. Such duplica- 
tion leads to confusion and seriously weakens the influence 
of the Institute. This is not the first instance of more than 
one aggregate specification in the Institute Proceedings and 
probably there are similar instances in the case of other materials. 
I recommend strongly that the proper coordinating committee 
give consideration to the problem of avoiding conflicting recom- 
mendations from the Institute. 

2—COMMENTS ON AGGREGATE SPECIFICATIONS PROPOSED BY 
COMMITTEE 502 

The specifications for fine and coarse aggregate proposed by 
Committee 502 differ radically in form from the recommendations 
of Committee E-5. This feature within itself, is not, of course, 
an objection. However, certain of the clauses are not, it seems to 
me, compatible with the requirements of a general specification 
for nation-wide use, nor do all of them permit of ready interpre- 
tation. 

My comments on certain features of the specifications follow: 

Section 6, line 4. “Or if from a new source, shall be thoroughly 
tested for soundness and permanence.”’ Some hint as to the 
method of carrying out such tests would be helpful. 

Section 6, line 5. “Tt shall have a fineness modulus of not less 
than 2.75.” Many good concrete sands have fineness moduli 
less than 2.75. With few exceptions (perhaps two or three) state 
highway specifications for concrete sand permit a lower value 
than this and I believe that it will be generally admitted that such 
specifications are among the most representative of good practice. 
Only one or two states express their specifications in terms of 
fineness modulus but a study of the grading requirements per- 
mits an approximation of their limiting values. The approximate 
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lower limits, computed from specifications, for a number of typical 
states picked at random follow: (a) Kansas, 2.4 (stated in speci- 
fication) ; (b) Indiana, 2.45; (c) Illinois, 2.40; (d) Michigan, 2.55; 
(e) California, 2.90 (exceptionally coarse); (f) Arkansas, 2.40; 
(g) Pennsylvania 2.30. 


I shall be very glad to furnish further information along these 
lines for all states and for other specifications if the committee 
desires. I can say, confidently that a limiting value of fineness 
modulus of 2.75 would eliminate many excellent sands which are 
now being used in concrete with complete success. It would be 
well also to include a maximum limit of fineness modulus. 


Article 6, ine 6. “It shall not contain in excess of two per cent 
of dust passing the 100 sieve when thoroughly dried.”’ This re- 
quirement is inconsistent with generally accepted national and 
local specifications. It is much more rigid than any state high- 
way specification, and dust is probably more injurious in concrete 
highways than in building construction. Further, screening 
does not represent an accurate method of determining dust; a 
decantation test should be used. Also the rigid limit on this sieve 
is incompatible with the generally expressed desire to secure more 
of the finer sizes in sand—particularly “minus 50.” 


Article 6, line 7. “It shall be free from organic matter, etc.” 
A more acceptable and generally used phraseology would be “‘free 
from injurious amounts of, etc.” 


Article 7. General comments somewhat similar to those given 
for Article 6 apply here. However, I will refer only.to the limiting 
value of fineness modulus of 5.5. It is entirely too low for ag- 
gregate meant to be graded up to 1 in. Consideration of the 
grading which would produce a fineness modulus as low as this 
_will show that it would be necessary to include a considerable 
quantity of sand. For example, the following sieve analysis re- 
presents about as coarse a grading as would occur for a fineness 
modulus of 5.5 with a top size of approximately 1 in. 

I believe that the above will be recognized as a rather un- 
satisfactory grading for coarse aggregate. A lower limit in the 
neighborhood of 6.3 or 6.5 would be more nearly correct. An 
upper limit should also be stated. 
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Much might be said by way of discussion of general clauses 
relating to quality and impurities which might be included in 
specifications for fine and coarse aggregates. It seems to me, 
however, that these are covered as well as present information 
permits in the specification proposed by Committee E-5. I 
believe it will be agreed that, if there are objections to E-5 
recommendations they should be cleared through that committee. 


ARTHUR R. LORD, AUTHOR-CHAIRMAN COMMITTEE 502, PRESENTING 
REPORT AT 26TH ANNUAL CONVENTION 


This proposed specification, the work of Committee 502, has 
been printed in the November Journal of the Institute. Nothing 
would be gained by reading it here, and much time and weariness 
will be saved by not reading it. 

The purpose of the Advisory Committee, as endorsed by the 
Board of Direction, in calling for the preparation of this and 
similar specifications of a type new to Institute work, was to 
provide a ready-made specification which an engineer or architect 
may incorporate as a complete reference document in his type- 
written specifications. Just as he has long called for his cement 
and his reinforcement to comply with the proper specifications 
of the A. S. T. M., he may now call for his entire job of concrete 
work including all the materials, to comply with this specification. 
As with any ready-made suit, he must often make a few minor 
alterations to get a perfect fit. Very few changes will be required, 
but in special cases additions, to take care of unusual circum- 
stances or requirements, may profitably be made. The note 
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addressed “To the User’ gives the necessary instructions for 
such special cases in which additions may be desirable. 

It is not easy to present so dry and impersonal a thing to an 
audience, even of engineers and contractors, in a way that will 
be helpful. I had thought of telling you a few of my experiences 
and observations on concrete work in the American city of 
Ignoravia. I feel quite sure that no one here today is familiar 
with this hustling town. Hence my experiences should have all 
the exotic flavor of foreign travel, even though this city is very 
much a part of the United States and these specifications would 
be available for use there. Had I carried out this plan, I would 
have said: 

“In Ignoravia, they do things differently. It begins at the very 
beginning. Where you, gentlemen, are most particular as to the 
choice of your materials, even esteeming one brand of portland 
cement above another, in [gnoravia they accept anything that is 
sent to them and seem grateful to get it. In this strange city, I 
have seen cement sacks in which, from exposure to the weather, 
much of the cement had hardened. There were lumps as big as 
your two fists, which went through the mixer without breaking, 
but such cement was used without a qualm. Sometimes the 
workmen would throw out these lumps, as they were hard to push 
between the bars or because they bothered the cement finishers, 
but no one ever seemed to be concerned over the cement thus 
thrown overboard. (Art. 5) The material supply firms in Ignor- 
avia seemed to swap orders at the least excuse, and even the same 
dealer would send widely different materials at various times. 
(Art. 9) Then the contractor would struggle with the concrete, 
now sloppy, now stiff, blocking the chutes and showering with 
concrete the formwork and reinforcing below, causing sand streaks 
and honeycomb (to be later expensively patched) in their finished 

work. How hard a task their poor underworked heads made for 

their poor overworked hands! How thankful I feel for the 
progressive, brainy contractors with whom I rejoice to work 
everywhere, save in Ignoravia! 

‘When, in Ignoravia, I foolishly suggested testing the cement— 
an unheard-of waste of time and money in that city—the leading 
cement manufacturer told me to take samples from sacks that 
were being filled for immediate shipment to a job in Oklahoma. 
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He thought it most unreasonable that I should want ‘to test 
samples of the actual cement that was going to be used on this 
job, or that I should refrain from using the cement until the re- 
sults of the seven-day tests were known! (Art. 5) He told me not 
to worry over reports of rejected Ignoravia cement on certain 
road work or other similar gossip—such thoughts lead to hardened 
arteries, sleepless nights and other entirely unnecessary un- 
pleasantries. I am sure that by this time, you begin to ap- 
preciate what a strange city I am describing. How impossible 
that such things should occur in New York or Chicago or in your 
own home town! 


“In Ignoravia, however, it is but a beginning! The Ignor- 
avians read voraciously all the illuminating papers and reports 
of the American Concrete Institute and of the Portland Cement 
Association. I found myself widely known and highly honored 
for even my small contributions. But for all their zest in reading, 
little of it finds any practical application on their jobs. They are 
most likable, entertaining, friendly folks—but unbelievably slow 
to use the new knowledge laid ready to their hands. Not that 
they doubt or question it~—they accept it as gospel—but they 
just seem to lack the necessary connection between their re- 
ceptive heads and their habit-bound hands. I fear for my hard 
earned reputation for veracity when I tell you that, in Ignoravia, 
architects and engineers still commonly specify, contractors still 
commonly use, 1:2:4 concrete: (Art. 17, 18) And water! They 
discuss endlessly all the fine points of water-cement ratio, but 
they use such “‘soup”’ as you and I have hardly seen elsewhere in 
ten enlightened years. It reminds me of that scene in Pilgrim’s 
Progress when Christian attempted to help three fellow travellers. 
‘Simple said, “Isee no danger;” Slothsaid, “Yet alittle more sleep;” 
and Presumption said, ‘Every fat must stand on hisown bottom.’’’ 
It’s that way in Ignoravia. 

“And then again, they would carefully place their reinforcing 
steel on bent straps made of soft steel, intended to space the bars 
automatically and to hold them at the right height, just as our 
fine spacing and supporting accessories do. But when they 
walked about, these soft steel devices commonly flattened out 
and let the steel rest flat on the forms. (Art. 11) Then they 
would shake their heads sadly and murmur ‘too bad!’ and make 
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haste to cover them up with concrete. It was most disturbing 
to see big, full grown men act so like children! 

“I have seen—in Ignoravia—workmen oiling the forms after 
the reinforcing steel was in place (Art. 12), coating the reinforce- 
ment with the oil, apparently unable to act upon so simple an 
idea as that this oil would destroy the very bond on which the co- 
action of the steel and concrete depends! I saw—in Ignoravia— 
a batch mixer with the materials going in at the charging side 
and concrete being drawn from the discharge chute at one and 
the same instant! (Art. 19) I saw the mixing water put in by guess 
by a man who had many other things to attend to, and who shut 
off the water when he happened to think of it. (Art. 16) I saw 
strong, energetic workmen trundling heaping wheel barrows to the 
mixer and I saw weak, lazy men with barrows barely half full at 
times. There was frequently no intelligent attempt to determine 
even approximately the amount of sand and stone in a batch or 
to keep it constant in successive batches. 


“Tt is useless for us to attempt to understand them. Consider 
for example their treatment of concrete, after it has been placed 
in the none-too-good manner that I have described. They have 
read approvingly and understand fully that all concrete must 
have moisture continuously for its proper curing, but they see no 
inconsistency between this belief and a practice that gives part 
of the concrete curing water and other parts none. Columns and 
spandrel beams are left without water, and after a day or so, 
without even shelter from the sun’s drawing rays! If it seems 
desirable to set apart an area for carpenter work, or the like, on 
top of a freshly placed slab, no covering or water is given to. this 
area! 

“Tgnoravia has an invigorating climate; cold winters, hot 
summers, many and sudden changes in temperature. I have been 
particularly disturbed by the nonchalance with which they re- 
gard the well known perils of carelessness in cold weather con- 
creting. They would make the contractors whom you and I 
know, elsewhere, shudder in their sleep, by the risks they take. 
Frequently the salamanders are not started until some time after 
the concreting is under way, nor are the tarpaulins in place in 
advance. The warm concrete is permitted to thaw out any ice or 
snow in the forms. (Art. 24) Workmen sometimes are dimly 
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seen trying to place concrete in blinding, choking smoke from 
starting salamanders! I have actually seen cases where the 
tarpaulins have been so poorly fastened as to tear loose and leave 
large openings in the enclosure below the new slab. No one seems 
perturbed by such events! No one hastens to close the breach. 
They take down the tarpaulins in zero weather after one or two 
days, and move them elsewhere. Is it any wonder that most of 
the concrete failures reported, are at Ignoravia?”’ 

But I have decided not to present the matter in this way. You 
would penetrate the disguise too easily. You would recognize 
only too readily that two jobs on the same street, in the same 
block, in Chicago, or New York. may have a third located in the 
heart of Ignoravia midway between them. When we write such 
a specification as we are now considering, we cannot be sure that 
it will not be used on work in Ignoravia. In that case, you will 
need all of our provisions, and a diligent inspector to enforce them. 
But do not think that we have given big hostages to chance in 
this document. We have intended to require only those pre- 
cautions necessary to the assurance of first class concrete work 
under normal working conditions. If you will show me wherein 
any clause or paragraph is unnecessarily severe, I will gladly 
second your motion to modify it properly. This specification 
should not go beyond the protection of the owner’s right to a 
first-class job. There is no right to burden the contractor need- 
lessly, that we need recognize. But we do need to recognize 
fairly that the practice of concrete placing has lagged far behind 
the theory, and that such a specification as this, must insist on 
suitable practice to insure proper results. We must use a speci- 
fication which is worthy of a good job. When anything goes 
wrong with the machinery and the lawyers are called in, happy is 
the architect or engineer with such a specification. 

F. R. McMillan has stated the simple requirement—that our 
work shall result in a plastic homogeneous mix, plastic during 
placing, homogeneous both during and after placing. No con- 
tractor should be content with ‘‘peace without victory” when the 
adversary is so slight! In fact, success is assured if he will but 
honestly follow out in a common sense manner, the simple in- 
structions contained in this specification. As Josh Billings said: 
“Tt ain't the things we don’t know that makes such fools of us, but a 
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whole lot of things we do know that ain’t so!” We have plenty of 
information as to what to do, what not to do. We only need to 
free ourselves of a lot of accumulated bad habits on the job and 
throw off a lively dread of difficulties imagined rather than real. 
To paraphrase another well known quotation: “Good concrete is 
not made by machines and specifications but by MEN in spite of 
machines and specifications.’ Our biggest practical problem is 
to get the men on the job to assume and discharge their plain 
responsibility for the quality of the concrete they produce. As 
long as the material dealer knows, when I reject a truck load of 
dirty aggregate, that he can drive around the corner and have it 
gratefully accepted by leading firms of architects in Chicago, he 
will continue to show little interest in furnishing better and more 
uniform material. 


After there has been proper chance for discussion, for questions 
and answers, for explanations that may be desired, Mr. Chair- 
man, I would appreciate your kindness in putting to vote the 
following motions: : 

In “To the User’ add a paragraph, between the second and 
third paragraphs from the end as follows: 

For this structure the reinforcing steel furnished by this contractor shall be 


Intermediate Grade New Billet/Rail Steel (Strike out one) in accordance 
with Article 2, Specification No. 503. 


6. FINE AGGREGATE. (Substitute new wording.) 

Fine aggregate for this work shall consist of well graded natural or artificial 
sand, or other approved inert materials with similar characteristics, taken from 
sources that have furnished satisfactory materials for previous concrete work 
for several years, or if from a new source shall be thoroughly tested for sound- 
ness and permanence. It shall comply with the provisions of the Tentative 
Purchase Specifications for Concrete Aggregates, H5-A-26T, (or subsequent 
serial) of the American Concrete Institute. In applying these provisions the 
sieve analysis of dried aggregate shall show as follows: 

Passing No. 4 sieve—not less than 85 per cent. 

Passing No. 50 sieve—between 5 and 30 per cent. 

Passing No. 100 sieve—not-more than 5 per cent. 

Fineness Modulus—not less than 2.50 
and the weight of clay and silt removed by decantation shall not exceed 3 
per cent. 

Fine aggregate shall be so stored and handled at all times as to remain free 
of all foreign material and separate from other aggregates until placed in the 
mixer. 
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7. COARSE AGGREGATE. (Substitute new wording.) 

Coarse aggregate for this work shall consist of crushed stone, gravel, air- 
cooled blast-furnace slag, or other approved inert materials of similar charac- 
teristics, taken from sources that have furnished satisfactory materials for 
previous concrete work for several years or if from a new source shall be thor- 
oughly tested for soundness and permanence. It shall comply with the pro- 
visions of the Tentative Purchase Specifications for Concrete Aggregates, 
E5-A-26T (or subsequent serial) of the American Concrete Institute. In 
applying these provisions the sieve analysis of dried aggregate shall show as 
follows: 


Passing l-inch sieve—not less than 95 per cent. 
Passing No. 4 sieve—not more than 10 per cent. 
Passing No. 8 sieve—not more than 6 per cent. 
Fineness Modulus—between 6.30 and 7.50. 


The weight of slag shall not be less than 65 lb. per cu. ft. The weight of soft, 
friable, thin, elongated or laminated pieces shall not exceed 3 per cent. 

Coarse aggregate shall be so stored and handled as to remain clean and well 
graded at all times and shall be kept separate from other aggregates until 
placed in the mixer. 

Art. 15, line 5: insert after words “rotary batch mixer” the 
added words, ‘‘(or, with the approval of the Architect or Engineer, 
other approved mixing device operated a sufficient time to give 
equal results)”’. 

Art. 16, lines 1 and 2: strike out the words ‘‘measured by 
weight or volume” and substitute the words ‘‘weighed or measured 
by volume.” 

Art. 19, end of first sentence, add: “except that a portion of the 
mixing water may be introduced during the first ten seconds of the 
mixing time.” 

Art. 22, at end: add a new sentence as follows; ‘The added 
bars shall have a cross sectional area not less than .0025 of the 
area of the member cut by the construction joint.” 

Art. 25, line 1: insert the words ‘‘or steam” after the word 
“water.” 

Art. 30, line 10: after the words ‘‘tremie method” add the 
words ‘‘or by means of an approved bottom-dump bucket.” 

Art. 30, line 15: insert new sentence as follows: ‘““Bottom-dump 
bucket shall be so constructed that bottom must rest on prepared 


surface or on surface of concrete already placed, before it can be 
discharged.” 


Readers are referred to the JouRNAL for Sept. 1930 for discussion. 


Discussion of Report of Committee 401 


“PORTLAND CEMENT Stucco FINISHES’’* 


DISCUSSION BY SAMUEL WARREN (BY LETTER) 


In the report of Committee 401, on Portland Cement Stucco 
Finishes, in the November JourRNAL there appears on page 38 
under the head of ‘‘Discussion” the following sentence: ‘‘Mix- 
tures that were quite satisfactory prior to this time cannot be 
used for modern textures.” I beg to differ from this statement. 

The mixture thus condemned is the old standard mixture of 1 
part by volume of cement, 3 parts by volume of sand and 10% 
of the weight of cement (20% by volume) of hydrated lime. It 
has been the writer’s experience that such a mixture, if the sand 
be normally well graded, will produce any desired texture. 
But with the important proviso that the suction of the scratch 
coat be correct. In fact the writer has produced most attractive 
textures with a harsh angular sand, using the above proportions 
without the use of any lime. Just a 1:3 mixture of cement and 
sand. The whole secret lies in wetting down the scratch coat so 
that only sufficient suction is left to allow the finish coat to be 
applied without “bagging.” 


The call for great plasticity in finish coats comes from the 
practice of applying the finish coat to almost bone dry undercoats. 
Such must cause rapid absorption from the finish coat and conse- 
quent loss of strength through improper hydration of the cement. 


An actual instance is of interest. A contractor attempted a 
rock dash portland stucco job. The wall construction was brick. 
Over this had been applied a base and a scratch coat. With one 
man applying the finish coat and another applying the dash, it 


*Journal of the Am. Concrete Institute, Nov. 1929—Proceedings, Vol. 26, p. 29. 
(595) 
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was impossible to get the dash to imbed. Examination showed a 
“suction” set of the finish coat in about 45 seconds, although 
water had been applied to the scratch coat with brushes. A 
hose was then turned on the wall and when the scratch coat had 
been proper/y wet down, it was impossible to imbed the dash 
up to 25 minutes later. (The actual limit of time was longer but 
was not measured). 


The same idea is true in applying textural finishes. Excessive 
plasticity in the mix is not required, but the suction of the base 
coats must be reduced to a point where it allows the applied 
finish coat to remain plastic until the texture desired has been 
secured. 


The writer often blushes at the atrocities that pass as textures, 
when he realizes that his efforts in this work led to such results.* 
A “good” texture is one that shows the method of application. 
A ‘‘poor’’ texture is one produced by fiddling with the still plastic 
finish coat once it is on the wall. It is the difference in effect 
produced in a timber, hand-hewn from a log and a square timber 
nicked with a hatchet to try to get the effect of hand-hewn work. 


Going back to the original argument, I agree with the com- 
mittee that the finish coat should be as high quality as the base 
coats and there is no reason from practical standpoint why it 
should not, except the refusal of the mason properly to wet down 
the base coats. 


*Samuel Warren is now a toy manufacturer, (Petertoy) at 184 Sullivan St., N. Y. C., who 
could not resist this interesting ‘rise’ to his one time specialty—stucco. As manager of 
Atlas White department, Atlas Portland Cement Co., he had much to do with stucco textures. 
He “‘went to school” to the plastering trade with stucco textures in mind; emerged to teach 
those from whom he learned. In the uniform of his trade he showed architects and craftsmen 
how to do it with normal mixes and without the inartistic exaggeration which has spoiled so 
many surfaces. He showed motion-pictures of stucco application to the Institute in 1925. 
His discussion appears in Proceedings, Vol. 21. 1925 Page 197. He once said, half, at least, in jest, 
the arm of the experienced plasterer gets too stiff for any motions but habitual ones and the way 
to get pleasing surfaces of casual, not studied, irregularity, is to let the plasterer do the mixing 
and the hod-carrier put it on.—Epiror. 


Discussion of Report of Committee 202 


“VARIATIONS IN STANDARD PorTLAND CEeMENTS’’* 


DISCUSSION BY G. M. WILLIAMST 


THE REPORT which Mr. Bates has prepared on Variations in 
Standard Portland Cements emphasizes the variable properties 
of the material which most users are accustomed to consider as 
fixed in qualities and properties. The retention of a single 
standard specification over a period of years has tended to 
establish and fix the idea that the different portland cements 
produced from dissimilar raw materials of the same general 
composition will give the same results in use. The seemingly 
complete and rigid specification has contained nothing which 
would suggest to the cement user that cements do differ in such 
properties as strength, permeability, and expansion when made 
into mortars and concretes, and that knowledge of the chemistry 
of cement is far from complete. That portland cements, produced — 
under this single specification, are not the same chemically or 
physically has been apparent to testing engineers and cement 
chemists, but as Mr. Bates points out, available test data to 
establish these differences are very meager. 


Compressive strength has been and probably will continue 
to be the controlling factor in the use of the great bulk of the 
cement produced but even for such uses other factors, such as 
watertightness, volume change, due to temperature and moisture, 
and resistance to the disintegrating effect of solutions may be 
involved and the useful life of a structure may be greatly reduced 
by lack of knowledge of the relative ability of different portland 
cements to stand up under such exposures. 


*By P. H. Bates, Author-Chairman, Committee 202, JouRNAL OF THE AMERICAN CoNncRETE 
InstituTE, November 1929—Proceedings, Vol. 26, p. 65. 


+Prof. of Civil Engineering, University of Saskatchewan, Critic Member, Committee 202. 
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No doubt in time a full knowledge of the conditions to which a 
cement will be subjected in use will permit a specification being 
written which will result in the selection of the best cement for 
the particular use but much work remains to be done in the 
chemistry of cement before this can be done fairly and in- 
telligently. Physical tests will continue to point out differences 
in cements and result in selection of the fittest for particular uses 
but the complete and satisfactory solution of the problem is in the 
hands of the physical chemists. 


The writer has at times noted some of the variations which the 
author has pointed out but has felt-that the explanation of, and 
means of eliminating, the undesirable factors must await an ex- 
tension of the knowledge of cement chemistry. For example the 
permeable qualities of a cement mortar or concrete made with 
any particular cement are not so easily expressed as would be 
indicated by much of the published data. The permeable quali- 
ties change with age, the rate depending upon exposure to mois- 
ture. A 1:6 proportion concrete in thin sections may be im- 
permeable under a high head after water storage at 28 days, 
whereas the same specimen tested a year later after exposure to 
varying wet and dry conditions may be very permeable. No 
doubt there is a change in the colloidal condition in the mass with 
change of moisture content, but the factors involved such as 
constitution of cement and exposure in commercial work greatly 
complicate the problem of expressing permeability qualitatively 
or comparing this quality under all practical conditions. 


Of all the variations, that of compressive strength is no doubt 
the one best established and measured by test data. The differ- 
ences in strength shown by the author are probably magnified 
somewhat, due to their being the averaged results from many 
laboratories, but the writer has seen similar variations obtained 
in a single laboratory. Recent work by Thorvaldson at the 
University of Saskatchewan and Miller at University Farm, St. 
Paul, Minn., has established the wide differences in the re- 
sistance of portland cements to the disintegrative effect of sul- 
phate waters. Here again physical tests will serve to distinguish 
between good and bad but the determination of the cause is 
dependent upon the physical chemist. 
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BY P. H. BATES AUTHOR-CHAIRMAN, COMMITTEE 202, (INFORMALLY 
PRESENTING REPORT AT 26TH ANNUAL CONVENTION) 


The paper does not bring out anything striking or unusual, 
except that it does emphasize the vast gaps in our knowledge of 
portland cement, and consequently in concrete. We must never 
forget that the use of concrete as a commodity is based alone 
upon the cementing of the cement. As a consequence you cannot 
have concrete unless you have the cement, and if it varies in its 
properties, of course the concrete will vary in its properties. I just 
want to stress one thing, as an aside, but, I think, to the point: 
the tendency that has developed very recently in swinging 
around and emphasizing in all our investigational work, the 
fact that the material in concrete that should be studied is 
this cement paste, which again is largely the cement. It proves 
very conclusively that we move in cycles; we go around and 
around, and at the present time we have again run around that 
little circle. About 1909 or 1910, when the government, with 
the assistance of the cement manufacturers, was maintaining 
a laboratory in Atlantic City, my former colleague, Mr. Wig, 
and myself, had the rashness to investigate cement as cement; 
in other words, we took the cement and carried out certain 
researches where it alone was studied. I recall most distinctly 
the tremendous criticism which arose—to think that any con- 
clusions could ever be drawn from investigating cement alone— 
and applied to concrete. That is just what we are doing now, 
today, again, for the cement paste is the factor that is being so 
very much stressed as the controlling factor in concrete. Possibly 
many years from now, we may have another paper on variations 
in standard portland cements—it is quite likely. 


BY D. D. MCGUIRE* 


May I offer some information in support of Mr. Bates’ state- 
ments? We have a research project going on testing all our sand 
with the different brands of cement we use, and I find with the 
same sand and same water-cement ratio, variations in strength 
from 84 to 107. One thing peculiar is that while that variation 
may exist at seven days, it sometimes straightens out with some 


*Tennessee State Highway Dept., Nashville. 
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sand in 28-days. In other words, the variation may be either in 
7 or 28-day tests. These data have led us to believe that the most 
important thing in concrete is the mortar, and we are putting 
more stress on designing concrete from the water-cement ratio 
and the sand-cement ratio, considering the brand and types of 
material used, than any other theory of design. Our data are 
quite definite that we do have a distinct difference in the relation 
of brands of cement to the sand. 


BY L. H. KOENITZER* 


In the state of Kansas we are studying 19 different brands of 
cements. Of these 19 brands, 15 are standard portland cements. 
Most of these cements are used in the state of Kansas in highway 
construction work, and most of them are manufactured either 
in Kansas or in adjoining states. This report will not be finished 
for several months yet. We have found, though, from preliminary 
work, that one cement may require, we may say, a water-cement 
ratio of five-tenths; another cement may require a water-cement. 
ratio of six-tenths; that is, to give a maximum density in the 
mortar. We are using Ottawa sand and a local sand throughout 
the experiment, on the basis of one to three and five-tenths 
absolute volume. In view of Mr. Bates’ report, it might be of 
interest to know how our standard tests came out. I find in 
summarizing the 15 standard portland cements, that we got an 
average strength for seven days of 322 lbs. persq.in. Mr. Bates 
has 290 lbs. per sq. in. so we are about ten per cent higher. Our 
28-day test gave us a strength of 414 lbs. per sq. in. Mr. Bates’ 
reports 390, or about six per cent variation. Our laboratory has 
recently been gone over by the Cement Reference Laboratory of 
Washington, D. C., and there were no radical mistakes being 
made in the laboratory, so I am inclined to think that we might 
add to Mr. Bates’ 32 cements the 15 we have studied. Three 
of these 15 are reported in the 32, so Mr. Bates report might be 
concluded to be an average of 45 cements. 


*Kansas State Highway Dept., Manhattan, Kans. 


REINFORCED CONCRETE CoLUMN INVESTIGATION 


Progress Report of Committee 105* 


W. A. SLATER, CHAIRMAN 


STATEMENTS of the purpose in starting an extensive investiga- 
tion of reinforced concrete columns have already appeared in the 
JouRNALT of the American Concrete Institute for November, 
1929 and January, 1930. The present report aims to give some- 
thing of the progress of the work. 

As a first step, a survey is being made of the existing data on 
tests of reinforced columns. A list of the investigations which 
have been carried out in this country and Canada is given -in 
Table 1; a similar list of foreign tests in’ Table 2. The latter is 
not complete as yet, and the former may not be. It would be 
appreciated if anyone knowing of test results not included in these 
lists would report the references to Committee 105. 

The references are limited to tests of columns of the type in- 
cluded in the committee’s program, that is, to concrete columns 
with longitudinal or lateral reinforcement or both. Steel columns 
with concrete reinforcement are not at present included in the 
investigation nor in Tables 1 and 2. 

No attempt is made to abstract fully in this report, the results 
of the investigations listed. However, attention is called to a few 
of the outstanding features. The conclusion that the yield-point 
strength of spirally reinforced concrete columns was represented 
by the sum of the yield-point strength of the longitudinal rein- 
forcement and the ultimate strength of the plain concrete was 
reached at nearly the same time by Gillespie and Withey in 
America and by Mérsch in Germany. Talbot recognized that 
the yield-point strength of the columns with only lateral re- 
inforcement was represented by the ultimate strength of the plain 


*Presented at the 26th Annual Convention, February 12, 1930. 
+News Letter Section. 
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concrete. This is in harmony with the conclusion formerly 
pointed out, since there was no longitudinal reinforcement in this 
series of Talbot’s columns. He had previously recognized a some- 
what similar relation for longitudinally reinforced columns with 
spirals, but did not assign the same strengths to the concrete in 
the reinforced as in the plain columns. Instead, he used the 
difference between the ultimate strength of the column and the 
yield-point strength of the steel as a measure of the strength of 
the concrete in the reinforced column. References to the data 
supporting these conclusions are given in Tables 1 and 2. 

The significant fact is that these four investigators recognized 
that the lateral reinforcement had no function in adding to the 
yield-point strength of the column. However, although their 
statements of findings are couched in varying terms their con- 
clusions agree in attributing to the spiral an addition to the 
ultimate strength of the column in an amount at least 2 or 3 times 
as great as would be added by an equal volume of longitudinal 
reinforcement. This isin agreement, also, with Considere’s earlier 
work from which the conclusion was drawn that lateral rein- 
forcement is 2.4 times as effective as an equal volume of longi- 
tudinal reinforcement. 

All the investigators apparently agree as to the usefulness of 
the lateral reinforcement in practice in adding toughness to the 
structure and in increasing the factor of safety. They disagree, 
however, regarding the manner in which the spiral reinforcement 
may be utilized in structural design. 

It is the aim of this committee to investigate the actual useful- 
ness of the strength added by the lateral reinforcement (as 
distinguished from toughness), in determining working loads for 
columns. The program of tests includes 573 columns, strikingly 
close to the total number (572) represented in Table 1 as having 
been tested to date in this country and Canada. 

For the purpose of insuring uniformity of the cement to be used 
in this investigation, the Lehigh Portland Cement Co., which is 
donating the cement for both laboratories, set aside 225 barrels 
from a single bin of cement for this purpose. During the packing 
of these barrels, test samples were taken from barrels No. 25, 75, 
125, 175, and 225. These five barrels are being retained by the 
cement company for sampling and testing at later times during 
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TABLE 3—RESULTS OF STANDARD TESTS FOR CEMENT; TESTED BY 
LEHIGH PORTLAND CEMENT COMPANY 


Cement From Barrel No. 
25 | 75 | 198 | i75°)| 295 
Water for normal consistency per 
cent by weight........ Stay ico 22.0% | 22.0% | 22.0% | 22.0% | 22.0% 
Time of initial set, hrs. min....... 4:05 4:05 3500 3:50 3:45 
Time of final set, hrs. min........ 7:00 6:50 6:50 6:40 6:30 
DOUDARCRE nok Merce eitren aise ORK ON KG Orleans Os Ken kOe Ke 
Fineness per cent (passing No. 200 : 
SLGV.C Perret rae cts torn ...| 88.2% | 88.5% | 89.0% | 89.6% | 89.3% 
Tensile Strength of Standard Mortar Briquettes in Lb. Per Sq. In. 


Age: 1 day 195-5140 = 0130. 0 115 ye) 2125 
120 ry 14029 4S e135 aioe 195 
(ibe 1250 std o0. is 


Average—| 117 135 138 123 122 


3 days 250 275 270 260 260 
245 255 255 240 255 
230 250 240 245 235 


Average—| 242 260 255 248 250 


7 days 305 355 370 325 320 
320 330 345 345 315 
330 350 345 325 340 


Average—| 318 345 353 332 325 


28 days 440 420 420 475 450 
465 460 510 470 470 
440 475 495 465 450 


Average—| 448 452 475 470 457 


the period of making the columns. The other 220 barrels have 
been shipped to the University of Illinois and Lehigh University. 
This cement is packed in paper lined wooden barrels and is stored 
in a dry place so that there should be little deterioration during 
the period of making the columns. 

From the samples taken during the packing of the barrels, the 
Lehigh Portland Cement Co. made standard cement tests (Table 
3) and tests on 3 by 6-in. cylinders of 1 : 1.9 : 2.8 concrete with 
enough water to give a water-cement ratio of 0.84 after having 
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TABLE 4—COMPRESSIVE STRENGTHS OF 3 BY 6-IN. CYLINDERS; TESTED BY 
LEHIGH PORTLAND CEMENT CO. 


Cement Taken From Barrel No. 


25 75 125 175 225 


Average flow (increase in diameter 


AS PNR PRES 8 eSNG ces .c. phe E 73 67 70 75 ws 
Average water-cement ratio (nom- 
CLI¥: 2) ea eae Ron pre arieae) gesagt otis seer .909 .910 .909 -909 .907 


Average water-cement ratio (net). .| .836 837 .836 .836 .834 


Compressive Strength—Lb. Per Sq. In. 


Age: 1 day 409 426 402 406 404 
363 325 417 397 400 
375 | ‘369 379 360 402 


Average—| 382 377 399 388 402 


2 days 855 946 846 815 870 
801 795 833 832 828 
809 742 830 862 789 


Average—| 822 828 836 836 829 


4 days 1470 1550 1590 1550 1510 
1400 | 1360 1470 1440 | 1530 
1440 1380 1470 1550 1430 


Average—| 1440 1430 1510 1510 1490 


7 days 2000 1860 | 2040 1990 | 2030 
2170 | 2220 | 2140 | 2200 | 2140 
2250 | 2250 | 2230 | 2410 | 2110 


Average—| 2140 | 2110 2140 2200 2090 


14 days 3660 | 3540 | 3690 | 3480 | 3500 
3260 | 3220 | 3270 | 3250 | 3330 
3400 | 3590 | 3560 | 3570 | 3550 


Average—| 3440 | 3450 | 3510 | 34380 | 3460 


28 days 4670 | 4530 | 4650 | 4450 | 4200 
4200 | 4270 | 4730 | 4290 | 4450 
4410 | 4610 | 464 4690 | 4810 


Average—}| 4430 | 4470 | 4670 | 4480 | 4490 


allowed for absorption by the aggregate. One set of three speci- 
mens was made for each of the 5 bbl. of the lot of cement set aside 
for this purpose. The tests were made at ages of 1, 2, 4, 7, 14, 
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Fic. 1—ConrTrou TESTS OF 3 x 6 IN. CONCRETE SPECIMENS BY 
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and 28 days. The individual compressive strengths of the con- 
crete for these ages are given in Table 4 and the averages in Fig. 
1. The extreme range in 7-day strength was from 2090 to 2200 lb. 
per sq. in., and the average strength was 2160 lb. per sq. in. The 
corresponding range for the 28-day tests was from 4430 to 4670, 
with 4510 as the average. In Table 4 it will be seen that the 
variation in strength from barrel to barrel was no greater than 
the variation for individual specimens from the same barrel. The 
28-day strength was 65% greater than that given by the equation 


0 ; ; ; 
= where S is the compressive strength and x is the water- 


cement ratio. It is evident that the cement used is of good quality 
as regards uniformity and strength. 


Also a series of tests has been carried out at Lehigh University 
for the purpose of determing the proportions necessary to give the 
required strength and workability with the aggregates which have 
been secured for this investigation. The aggregates, both fine and 
coarse, have been furnished free of charge by the Warner Com- 
pany of Philadelphia, member of the National Sand and Gravel 
Association. Both the sand and gravel came from near Morris- 
ville, Pennsylvania. The sand has 9% passing the No. 48 sieve 
and 50% between the No. 48 and No. 28 sieves. Its average 
fineness modulus is 2.75. The maximum size of the coarse 
aggregate is 34 inch. 

A series of tests was made using three different proportions of 
sand to total aggregate. These proportions were 35, 40, and 45% 
by weight. For each of these groups four mixes (cement and 
mixed aggregate) were used, 1 : 1.5, 1: 4, 1 : 6,.and 1 : 8 by 
weight. For each group the water content ranged from about 3.5 
to 10 gal. per sack of cement, thus securing the necessary range in 
strength. All the specimens in this series were tested at an age 
of 28 days. 


The purpose was to secure water-cement-strength curves with 
some range of workability for each mix, so that from the resulting 
data a mix of the required workability for each strength might be 
selected for making the columns which are to be tested at 28 days. 
For a given water-cement ratio the range in workability was 
secured by the variation in the sand-aggregate ratio. 
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TABLE 5—28 DAY STRENGTHS OF CONCRETE FROM PRELIMINARY TESTS 
AT LEHIGH UNIVERSITY 


S 5 =I % |@ & 

= = 5) =) 4 Dp ae 

: £ E & Strengths At | 2 ore 

Ref. Mix By ee len OB 1. 2 28 Days i) gq a 

No. | Weight | Og | 2 2H |S4s)| Individuals o |39%s 

p@ | se | ga Cs a | Se 8 

om S o io} o> 3 

s2/ oS | 83 [Eee © | es 

FO) <8 | Oa |sisd <q |Sea 
1 1-.53-.97 3144| 2% | 148 35 |7420/7190|6930| 7180 3.5 
2 1-.53-.97 44% | 9 13.8 35 |6140|5680/5780| 5870 4.6 
3 1-1.4-2.6 EE Zo 7.6 35 |5160|5400/4930| 5160 4.6 
4 1-1.4-2.6 6% 9% 13 35 /4080/4140/4260| 4160 2.4 
5 1-2.1-3.9 a 3% 5.5 35 |2990/3640|3720| 3450 | 13.3 
6 1-2.1-3.9 8 7% 5.4 35  |2690/2640/2690| 2670 ilgil 
i 1-2.8-5.2 9 3% 4.3 35  |1790/2080/1850| 1910 8.9 
8 1-2.8-5.2 | 10 5 4,2 35 |1350/1610)1430) 1460 | 10.8 
9 1-.60-.90 38%] 24% | 148 40 |5710|6590)7570| 6620 | 14.3 
10 1-.60-.90 444 | 9% | 13.8 40 |5350/5000|6030; 5460 | 10.4 
11 1-1.6-2.4 6 8% 7.5 40 |4760/4850|4930| 4850 1.9 
12 1-1.6-2.4 5 1% 7.8 40 |5580|5680/6130)| 5800 5.7 
13 1-2.4-3.6 74) 5% 5.4 40 |2920/2870|3300) 3030 8.9 
14 1-2.4-3.6 64/1 5.6 40 |4020/3910/4060); 4000 2.2 
15 1-3.2-4.8 | 10 4 4.2 40 |1410)1490]1610) 1500 7.3 
16 1-3.2-4.8 9 1 4.3 40 |1990|2040}1930) 1990 3.0 
17 1-.68-.82 4 7% | 14.3 45 |6680|6400/5560| 6210 | 10.4 
18 1-.68-.82 3%| 2% 14.8 45 |7120)7230)7980| 7440 Ue) 
19 1-1.8-2.2 64) 9 7.3 45 |4340/3650/4380} 4120 | 11.4 
20 1-1.8-2.2 5%| 44% 7.6 45 |4810|5100|5440) 5120 6.2 
21 1-2.7-3.3 8 6 5.4 45 |2570/2720|2790| 2690 4.5 
22 1-2.7-3.3 7 1\% 5.9 45 |3400/3270|3620) 3430 5.5 
23 1-3.6-4.4 | 10146} 5 4.1 45 |1340)1260/1420) 1340 6.0 
24 1-3.6-4.4 9%/| 1% 4.2 45 |1510)1730)1680| 1640 7.9 


The data of these tests are given in Table 5. The average 
strengths for the three different sand-aggregate ratios are shown 
in Fig. 2 (a), (b), and (c). For each sand-aggregate ratio the 
data furnish a satisfactory -water-cement-strength relation. 
Furthermore, the relation is almost identical for the three cases. 
This is brought out by the fact that the same curve is fitted to the 
data in all three diagrams, (a), (b), and (c) of Fig. 2. For com- 


parison the graph of the expression wee is shown in Fig. 2 (b). The 


strengths from the tests were about 50% greater than those given 
by this expression. Opposite each plotted strength a figure is 
given representing the average slump for these specimens. These 
tests made at Lehigh University check reasonably well with those 
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sand 40% 
Orovel GO% 


Sond 45% 
Grovel 55% 
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Compress/ve strength, 10. 
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&) 43 ~) 7 2 u3 
Woter content nallons per sack of cement 
Fic. 2—28-Day STRENGTHS OF CONCRETE PROPOSED FOR A. C. I. 
COLUMN INVESTIGATION 


a> 
Q 
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made by the Lehigh Portland Cement Co. and confirm the indica- 
tions of uniformity found in their tests. 

Since the majority of the columns are to be tested at an age of 
56 days, the 28-day tests just described are not sufficient for 
determining all the mixes, and for this reason, another series of 
tests is being made. This series consists of four mixes of one 
water-cement ratio each, designed to give a sufficient range of 
strengths for the column investigation and to have consistencies 
close to those which are to be used in making the columns. The 
specimens will be tested at the ages of 7, 28, and 56 days. The 
data of the concrete and the 7 and 28-day strengths are given in 
Table 6. The strengths are also shown in Fig. 3. 


TABLE 6—CONCRETE MIXES DESIGNED FOR COLUMN INVESTIGATION 


Strength, Lb. Per 
Water Cement Sq. In. At 
Mix By Content Slump Content see 
Weight Gal. Per In. Sacks Per « 28 56 
Sack Cu. Yd. | Days | Days | Days 
1 : 3.20 : 4.80 91% 44 4.2 760 | 1830 | 2100 
273052 3.45 a 6 5.7 1630 3810 | 4090 
desler (Onss2200 5% 634 1.3 2970 | 5390 | 5600 
1 : 0.60 : 0.90 3% 5 14.8 5210 7280 | 7330 
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To assist in a comparison of the two series of tests the curve 
fitted to the results shown in Fig. 2 is repeated in Fig. 3, also the 
graph of the equation S = a 14000" 

The program of column tests as laid out is given in Table his 
An effort has been made to make the table self-explanatory. It 


17. 


8 
8 


91h, e per 59. 


ve sirern 


Compress! 


Water content, gallons per sack of cement 


Fig. 3—7-Day AND 28-DAY STRENGTHS OF CONCRETE DESIGNED 
FOR COLUMN INVESTIGATION 


will be seen that most of the 8-in. columns are to be made in 
duplicate series at the University of Illinois and at Lehigh Uni- 
versity. With the plain columns three, and for most other cases 
two, companion specimens are to be made at each of these labora- 
tories. Probably more companion specimens would be desirable, 
but the expense involved seems to make this impracticable. 

According to the present schedule the columns will be made in 
the following order: series 1, 3, 2, 7, 4, 5, and 6. 
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CONVENTION DISCUSSION 


Chairman Lindau: This report now is open for discussion. It 
might be well for those who have not followed this matter as 
closely as they would like, if Professor Slater or other members of 
the committee would give a general idea of what is hoped to be 
accomplished by these tests. When we started out to raise funds 
for the tests, the explanation was made that this is not just 
another series of column tests. I think that might be enlarged 
upon for the benefit of those who are here and also for the benefit 
of any discussion that may follow. 


Professor Slater: I do not know that I can enlarge upon it in a 
way that will be convincing, but I will make an effort. In the 
first place, I mentioned in giving the report, that the total number 
of columns tested to date in this country and Canada, as far as 
we bave been able to find the results, is 572. Our program (there 
was no effort at matching the number or beating the number at 
all) as laid out calls for 573, one more column than all those that 
have been tested in this country up to date as far as we know. 
The committee does not consider the merit of the program merely 
in the number of columns tested; we believe that by having all of 
these tested in one program, we do not have to repeat so many of 
the control specimens as we would if we tested a group of fifty in 
one series of tests and another fifty in another series of tests, etc. 
The value of the results should therefore be far more conclusive 
than that of the same number of tests scattered through the 
series shown in Table 1. The columns in general are eight inches 
in diameter and five feet long. I expect that will seem a rather 
small column on which to base a great deal of important informa- 
tion. However, we are supplementing the investigation with some 
larger columns, to as high as a diameter of 28 in. That is a 
‘spiral diameter, of 28 in. with a shell of two inches outside of 
that. The lengths of all the columns are seven and a half times 
the diameter, giving five feet for the 8-in. columns and corres- 
ponding lengths for the larger columns. 


The first series of tests is aimed at finding out something of 
how we are going to have to test the columns in order to secure 
the proper application of load in the column. There are to be 
columns with enlarged capitals to avoid the possibility of end 
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failures and columns with no enlargement of the end. Then 
again there are to be columns with dowels in the ends to dis- 
tribute the load into the shaft of the column. It is expected 
that as a result of the preliminary series of tests, we will be able 
to decide definitely on the best method of making the remainder 
of the columns. At the University of Illinois the columns for 
the preliminary tests have already been made and at Lehigh 
University are waiting merely on materials, so it is expected that 
this preliminary series of tests should be out of the way in the 
course of the next two months or so. 

One of the incentives, perhaps the most striking incentive, in 
going into such an investigation as this is furnished by the results 
that have been found when measurements are taken on the rein- 
forcement of a column that has been under load for a long time. 
You know that strains have been reported which correspond to 
the stresses in the reinforcement as high as twenty-five, thirty, 
thirty-five and I believe even forty thousand pounds per square 
inch in the columns under working load. The fact that in cer- 
tain instances the concrete had been partially unloaded upon the ~ 
reinforcement is brought out in this way in a striking manner 
and confirmed by other data. There is a report in Morsohs’ 
book, ‘‘Der Eisenbetonbau,” in which, in Germany, a number 
of years ago, in the effort to determine whether or not columns 
of a building were strong enough to support an added story, 
they investigated this matter by removing one of the columns 
and subjecting it to a test. On the removal of this column they 
found that the reinforcement elongated and cracked the concrete 
entirely across the column at intervals of about two feet to the 
best of my recollection, along the length of the column, showing 
that the steel undoubtedly was taking a high stress and that 
the concrete had yielded. We call it flow. Some object to the 
term “‘flow,’’ but whatever it is, there had been a yielding of the 
concrete in unloading the stress upon the steel. Column for- 
mulas based on the assumption of a constant ratio between the 
modulus of elasticity of the concrete and that of the steel, gen- 
erally seem to penalize the stress in the steel in order to avoid 
over stressing the concrete with the ratio of the modulus of 
elasticity ordinarily assumed. With the phenomena I have just 
mentioned, stressing the steel to forty thousand pounds a square 
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inch, which indicates to us that we need have no worry that the 
steel is not working to as high a stress as we want it to work. It 
does introduce some interesting problems as to how much the 
strength of that column is affected and this investigation includes 
some long time tests in which the column will be kept under 
load for a year, some of them under moist conditions and some 
of them under dry conditions, with strains being measured at 
intervals throughout this length of time, and at the end of the 
time the strength of the column will be determined. Now there 
are a great many other features of the program that I could take 
considerable time to discuss. I am afraid that if I kept on now, 
I might wander along without hitting on those which are most 
interesting. 


Readers are referred to the JouRNAL for October, 1930 (Vol. 27, 
No. 2) for discussion which may develop. Such discussion should 
reach the Secretary by Sept. 1, 1930. 


THE CoLORATION OF CONCRETE 


Report of Committee 703* 
BY RAYMOND WILSON, AUTHOR-CHAIRMAN 


This report was written by Mr. Wilson, Author-Chairman 
Committee 703, Color in Concrete Products. Maximilian 
Toch and O. A. Malone, critic members of the committee, 
contribute discussion. The subject matter of the committee’s 
work is open to general discussion. Such discussion should be ° 
available by Sept. 1. 


THE INCREASING importance of color in daily life has made the 
use of colored concrete an architectural necessity. It is the pur- 
pose of this paper to present a review of the principal means of 
achieving chromatic effects and to point out the precautions which 
experience and tests indicate as necessary in the use of each 
method. 

The methods of coloring concrete may be considered in three 
classifications: first, the integral admixture of finely divided, inert 
color pigments; second, the use of colored aggregates which are 
exposed by some treatment of the surface after the mixture has 
hardened; third, surface treatments which may be further sub- 
divided into penetration treatments and cover coats such as 
paints. The pigment admixture method is probably the most 
extensively used of the various methods listed. It is used in 
stucco, many pre-cast products, sidewalks, driveways and floors. 
The colored aggregate method has been used with conspicuous 
success in monumental structures and in cast stone, lighting 
standards, art marble and terrazzo, frequently in combination 
with pigments. The penetration processes have been applied to 
floors and tennis courts having a troweled surface. The use of 
paint coats on concrete is not greatly developed, though much 


*Presented at 26th Annual Convention, Feb., 1930. 
y+Associate Chemist, Research Laboratory, Portland Cement Association, Chicago. 
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has recently been accomplished in interior decoration by that 
means. 


COLORING WITH PIGMENTS 


Not all pigments which can successfully be used in paints are 
suitable for cement colors. Broadly speaking, the requirements 
for cement color pigments are color durability under exposure to 
sunlight and weather, fine subdivision, intensity of color when 
finely subdivided and a chemical composition such that the pig- 
ment does not interact with the cement to the detriment of either 
cement or color. 


r These requirements are generally best met by the following 
types of pigments: 

Tron oxides: Red, black, yellow, brown 

Manganese dioxide: Black 

Chromium oxide: Green 

Carbon pigments: Black 

Ultramarine blue: Blue 


Organic. colors have not been developed for use with cement to 
a point where they can be considered dependable. Other colors 
which should be avoided are those containing Prussian blue, 
cadmium lithopone and zine and lead chromates. 


By the use of color pigments it is possible to obtain color effects 
over a fairly wide range of hues. Brilliant or intense colors are 
not generally attainable. Black is difficult to produce where the 
surface is floated or trowelled as a final treatment. Some strik- 
ingly good blacks have been produced in concrete with special: 
surface finishes. The carbon black pigments, which are most 
effective weight for weight, cause serious reductions in strength 
and are difficult to incorporate uniformly in the mix when the 
quantity used exceeds two or three per cent of the weight of 
the cement. Black iron oxide is probably the best pigment for 
producing black concrete, but the greater quantities necessary 
make the cost rather high. 

There are great differences in the tinting qualities of pigments 
which makes the question of relative economy of high priced and 
low priced pigments of importance to the user. A quantitative 
rating of tinting qualities would probably, in the author’s belief, 
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show an advantage for the better quality pigments, even though 
the price per pound is higher. 

The quantity of pigments which may safely be used is custom- 
arily limited to about ten per cent of the weight of the cement 
(two per cent for carbon black). Data have been obtained which 
show that these limits may be considerably exceeded without 
injury to strength, at least under certain conditions and with 
certain pigments. The composition of the mixture, particularly 
with regard to the amount of fine material in it, will doubtless 
influence the effect of pigment admixture on the strength. Ex- 
cessive amounts of pigment would probably impair the durability 
of concrete, though the author has no conclusive evidence on 
this point. On the other hand, in a series of exposure tests of 
pigment-colored mortars at the Portland Cement Association 
Research Laboratory the colored mortars withstood four years 
weathering as well as the uncolored mortars. 

An essential in the use of color pigments is that they shall be 
thoroughly incorporated in the mixture. Most pigments have a 
tendency to form soft aggregations which can be broken up only 
by very thorough mixing. While it is true that addition of the 
color pigment to the concrete at the time it is mixed can result 
in good distribution, there is the strong possibility that streaked 
and spotty color effects may be produced. 


Unquestionably the best method of insuring thorough incor- 
poration consists of premixing the cement and the color. Another 
reason for using premixed cement-color mixtures is found in the 
fact that by far the most important single factor affecting the 
color produced by combining a given pigment with cement is 
the ratio of pigment to cement. For well organized shop work, 
color and cement can be carefully proportioned, and mixing 
accomplished in suitable units, such as pebble mills. For the 
field operation colored cement is now available in a number of 
standard colors which can be mixed or diluted with uncolored 
cement to provide variations. Colored cement is made by grind- 
ing portland cement with pigment, which if properly done, insures 
thorough incorporation and uniformity not ordinarily obtained 
on the job. particularly the smaller job. 

The choice of materials other than pigment depends upon the 
requirements of the work. For the darker or more intense colors 
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gray cement is generally used. White cement or a mixture of 
white and gray cement is necessary if the more delicate tints are 
sought. For these latter types the use of aggregates such as 
silica sand and marble is advisable, since fine material in the 
aggregates, if of a hue different from that of the pigment used, is 
likely to affect the color of the mixture. The usual result is that 
instead of the clear color obtained with clean materials a muddy 
appearance is produced. 


Aggregates of color harmonizing with ground mass of colored 
cement paste are, of course, an essential if the finish is one which 
exposes the aggregate to view or if the surface film of cement is 
likely to be removed through the agencies of weathering. 


Lack of permanence of color in a concrete surface is, in the 
author’s opinion, less often due to deficiencies in the quality of 
the pigment than to other causes. Exposure of aggregate par- 
ticles may result in apparent fading of the color, even though the 
color of the cement paste is practically unchanged. At a distance 
too great to distinguish individual aggregate particles, the 
apparent color of the mass is the resultant effect of the colors of 
the exposed aggregate and of the cement paste. If exposure is 
well advanced, the aggregate forms the greater part of the visible 
surface and its color will dominate. The best assurance against a 
possible marring of the color effect from this cause is the use of 
aggregate which, if exposed, will not result in an unharmonious 
appearance. The aggregate may be one of the same color as the 
pigmented cement paste, or it may be a colorless or white aggre- 
gate. 


Efflorescence is another cause of color impermanence. A 
light deposit may cause the color of the concrete to appear 
faded or the color may be completely masked by a heavy one. 
‘Obviously the effect of efflorescence is more strongly apparent 
on darker or more intensely colored concrete than on a deli- 
cately tinted surface. The sources of the efflorescence are 
known and some of the factors affecting its occurrence are under- 
stood but methods for its certain prevention have not been com- 
pletely developed. In its most common form efflorescence con- 
sists of calcium carbonate, though occasional deposits of sodium 
and potassium carbonates and the sulfates of sodium, potassium, 
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calcium and magnesium have been found. The water in the 
pores of concrete contains some soluble material extracted from 
the constituents of the concrete. The water always contains 
calcium hydroxide, and generally the hydroxides of the alkali 
metals. Evaporation of the water causes the dissolved material 
to travel to the surface at which evaporation takes place, where 
it reacts with atmospheric carbon dioxide to form carbonates. 
The calcium carbonate deposit formed from calcium hydroxide 
is only slightly soluble and is characterized by close adherence to 
the surface, whereas the deposits of alkali carbonates are readily 
soluble and generally fluffy and loosely attached to the concrete. 


It is seen from this brief description of the mechanism of 
efflorescence formation that an essential to its development is the 
passage of water from the interior to the surface of the concrete. 
The most promising means of eliminating efflorescence are those 
which tend to minimize the passage of water. Proper methods of 
construction and concrete of uniform high quality are of course 
necessary and possibly water-repellent integral waterproofers or 
surface seal coats will be required. 


COLORED AGGREGATE 


The production of color effects in concrete through the agency 
of colored aggregates requires a treatment which exposes the 
aggregates to view. This may be accomplished by cutting or 
grinding the concrete to produce a smooth surface or by an acid 
wash which removes the cement, leaving a surface the texture of 
which is determined by the size, amount, and distribution of the 
aggregate. 


Exposure of the aggregate by cutting or grinding is exemplified 
by terrazzo, cut cast stone and the like. In this type of product, 
pigment coloration also is frequently used, the aggregate being 
chosen to provide irregular areas of contrasting color or of a 
different shade from that of the cement matrix. Grading of the 
aggregate is an important factor in the effects produced. A 
common expedient for emphasizing the color of the aggregate is 
the use of relatively coarse aggregate with a fairly fine sand, leav- 
ing a gap in the grading. Color effects are limited only by the 
colors of the aggregates and the ingenuity in combining them. 
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Where the acid treatment for exposure of aggregates is used, 
the same methods of obtaining definition of the aggregates are 
used. Certain types of precast work are composed of a facing 
made up of cement and an aggregate of uniform size, and a back- 
ing of concrete or mortar. This results in the production of a 
visible surface made up almost entirely of aggregate. By careful 
choice of aggregates uniformity and permanence of color can be 
achieved. A notable advantage of this method of coloration is 
that the concrete is almost free from the marring effect of efflores- 
cence because of the large proportion of aggregate in the visible 
surface. ee 


PENETRATION PROCESSES 


Coloring of concrete by penetration processes has been an 
attractive possibility but the difficulties in the way of its success- 
ful application have limited its development. It has been rather 
extensively used on hard trowelled surfaces such as floors and 
tennis courts. The process depends on a reaction between a 
constituent of the penetrant and a constituent of the concrete 
with the formation of a colored product in the surface pores. As 
an example, treatment of concrete with a ferric iron salt results 
in the precipitation of hydrous ferric oxide which is reddish brown 
in color. <A fairly wide range of reds, yellows, browns, greens and 
grays can be produced by the salts of various metals. The varia- 
tions inherent in the absorptiveness of the surface cause some 
slight non-uniformity in the color. 


In practice it is customary to incorporate a fluosilicate hardener 
with the color-producing salt. The solution is applied to the 
concrete after the latter has been cured and allowed to become 
surface-dry. Several applications are usually made allowing time 
for penetration and drying between treatments. After the final 
application, an oil-wax treatment is applied to fix and protect the 
color. 


Good results with this type of coloration depend on the quality 
of the concrete, as well as upon the maintenance of proper compo- 
sition of the solution, and skill in its application. For that reason 
it is customary for the company which colors the floor to take the 
contract both for placing the wearing course and coloring it. 
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The information relative to this process has been furnished for 
this report by Dr. L. B. Miller, Director of Research of the 
Master Builders Co., Cleveland, Ohio. 


PAINTS 


Painting on concrete has not been uniformly successful. The 
elements for satisfactory performance of paints on concrete are 
not fully known, and comparatively little published data are 
available in this field. 

A consideration of the chief points of difference between a 
concrete surface and the surfaces of other materials on which 
paint is more extensively used suggests as possibly important 
factors the absorptiveness and the chemical composition of the 
concrete. 

Concrete when dry enough for painting is sufficiently absorptive 
to remove from a paint a rather large part of its liquid vehicle. 
If a paint of the usual proportions of pigment and vehicle is 
applied to concrete, the resultant film is deficient in vehicle and 
would therefore have a low degree of durability. 


In addition to its absorptiveness concrete contains calcium 
hydroxide which, under certain conditions, may saponify the 
oil which forms the major part of the vehicle. Upon exposure to 
air the hydroxide is converted to calcium carbonate which is not 
likely to affect the paint vehicle. Neutralization of the hydroxide 
in the surface layer may also be effected by other means; the 
best known method consists of treatment with zine sulfate 
solution. 

The minimum requirements in the preparation of concrete 
surfaces for painting have not been established. The present 
recommendations of the Portland Cement Association are that: 

1. The concrete, if new, be treated with zinc sulfate solution. 

2. The surface be dry. 

3. The final coat be preceded by two filler or priming coats 
the first of linseed oil, and the second of paint well thinned 
with linseed oil. 

A third factor which would militate against the successful use 
of paint is the possibility of passage of water through the concrete 
toward the painted surface. Interior or partition walls would not 
ordinarily be affected but interior faces of walls exposed to pre- 
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cipitation would need to be free from areas subject to percolation 
to permit satisfactory performance of paint. 


The durability of paint on concrete exposed to the weather has 
received but little attention. If so applied that a film of good 
quality results, a high grade paint would appear to have as good 
a chance for survival on concrete as on any other surface. This 
conclusion is verified by successful performance of paints applied 
in accordance with the methods suggested above. 


It is difficult to make any general statement covering the ques- 
tion of paints of compositions markedly different from the usual 
oil-pigment types. Some manufacturers have promoted oil 
paints with portland cement as the main constituent of the pig- 
ment and numerous water paints are on the market. When 
portland cement is an important constituent of a water paint 
the difficulties of affording proper curing to a thin cement film 
are encountered. The testing of water paints has received very 
little attention and the record of experience is almost the only 
basis from which the interested potential user might draw a 
conclusion. 

SUMMARY 


The principal known methods of coloring concrete have been 
briefly discussed in this report. The choice of the basic method to 
be used is dependent on the requirements of color and finish, the 
type of service and exposure and the relative costs. No attempt 
has been made to present detailed methods of obtaining definite 
color effects. In the final analysis, cook-book technic is not a 
sufficient equipment for successful use of color in concrete. 
Detailed application of the few known principles to a specific 
work will disclose lines of improvement to the alert observer. 


BY MAXIMILIAN TOCH* 


A number of the pigments in use, were described by the writer 
in an address delivered at the Institute convention in February, 
1925.7 

Two things must be borne in mind in the use of pigments for 


cement. The one is that no pigment should be used which will 
*Toch Bros., New York Cit 


+‘Shall Anything Be hdded to Portland Cement,” Maximilian Toch, Proceedings, A. C. I., 
Vol’ 21, p. 
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basically combine with the free lime as it is generated, and 
secondly, no pigment must contain soluble salts which will 
eventually mask the color. 

In the first instance, all of the copper salts and all of the lead 
salts are dangerous in cement work. The cadmium colors are not 
dangerous if used in limited quantities, and are exceedingly 
brilliant and permanent to light. Any color that contains cal- 
cium sulphate lowers the strength of the concrete to a remarkable 
degree, and as this material is soluble in water one to 700, it 
produces efflorescence in almost every case. 

The writer agrees with Mr. Wilson that the pigments should 
be mixed with cement by fine grinding. The best results are 
obtained that way. 

As regards those pigments that produce the best results chemi- 
cally, there are many among them that are not so good physically, 
as for instance, any pigment that has a higher specific gravity 
than portland cement is very likely to sink in the mixture instead 
of float on the surface. This is overcome by one manufacturer 
who supplies the physical principle of flotation by mixing the 
pigment in a small percentage of gelatinous alumina base. 

There are several organic pigments which give excellent 
results, particularly the Para, Chlor Para and Toluidine reds. 

Efflorescence on the outside of a building is not so easy to 
overcome if it is produced by the solvent action of rain water 
from the back of a parapet wall; no coating on the front will 
overcome it. If it is produced through the crystallization of an 
excess of soluble salts on the face only and not through filtration, 
then one of the stearate solutions containing over 12% of solids, 
frequently is a good remedy, but in a few cases it also fails. 

The use of raw linseed oil on a concrete structure is ill-advised, 
owing to the fact that the fatty acid and the lime forms soluble 
mushy salts, which on repeated washing or submersion in water, 
is very likely to soften the concrete. 

Painting concrete has made very great strides in the last fifteen 
years, but not through the use of linseed oil paints. The well- 
known reaction of the China wood oil acid copal resins is the 
proper base, as a calcium resinate is formed which gives a hard 
and flint-like surface. Thousands of gallons have been used on 
large structures like the Panama canal, Muscle Shoals and other 
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power houses, with very lasting results, but in no instance has 
a slow-drying paint based on linseed oil, been found effective. 
A floor treated with a thin solution of acid resin China wood oil 
is the best method for wear-proofing and bringing out the color 
uniformly. 

Sulphate of zinc as a neutralizer is not as good as the fluosili- 
cate. The fluosilicate of zinc and magnesia appears to be the 
best, but even at that, the penetration of both of these depends 
upon the density of the concrete. 

Mr. Wilson deserves a great deal of credit for the article which 
he has written, which is an excellent introduction to the entire 
subject. 


BY O. A. MALONE* 


If the report is meant to convey the idea that we may now 
have it as an “‘every day diet,” in my opinion, it is wrong. On 
the other hand, if it means that under proper, intelligent super- 
vision these things may be done with certainty, in my opinion, 
the paper is right. In other words, it depends almost entirely 
upon the knowledge of those in charge of the work. I do not 
believe that we are quite ready to classify coloring mass concrete 
a commercial success. It is still, more or less, the work for a 
specialist. 


Readers are referred to the JouRNAL for October 1930 (Vol. 27, 
No. 2) for discussion which may develop. Such discussion should 
reach the Secretary by Sept. 1, 1930. 


*California Stucco Products Co., Los Angeles. 


SHORE AND STORM PROTECTION ON THE GULF Coast* 
BY J. B. CONVERSET 


Ir HAS BEEN my privilege recently to read that very excellent 
paper of Commander G. T. Rude of the U. 8S. Coast and Geodetic 
Survey on ‘‘Tides and their Engineering Aspects,” for which he 
was awarded the Norman Medal-by the American Society of 
Civil Engineers. In the discussion that followed this paper I 
was impressed most forcefully by a statement of William Barclay 
Parsons to the effect that ‘‘The most important factor for the 
engineer thoroughly to understand is that he cannot generalize 
with safety in respect to what will take place in tidal action in any 
one locality.’’ How well this applies to shore and storm protection 
on the Gulf Coast is realized when we consider Galveston, 
Texas, subjected to wave action from a storm that may travel one 
thousand miles across the Gulf unobstructed, when we consider 
the Mississippi Coast protected by a chain of islands ten to twelve 
miles off shore and then such places as Port Arthur, Texas, sixteen 
miles inland on Sabine Lake but subjected to storm tides that 
would submerge it with water from two to eight feet deep. In 
this paper no attempt is made to analyze tides, ocean currents, 
wave action, the action of sea water on concrete or the many other 
factors entering into all coastal works, but it merely reviews con- 
ditions as they exist and have been met on the Gulf Coast. 

You gentlemen are familiar with the appalling loss of life and 
property that has occurred in these tropical hurricanes on the 
Gulf Coast in recent years, however, I wish to recall that in the 
1900 Galveston storm 6,000 lives were lost and property damage 
amounted to $30,000,000.00. 

In approaching the question of shore and storm protection on 
the Gulf Coast, it is well first to review the action of tropical 
hurricanes in the Gulf of Mexico. These hurricanes enter the 


*Presented at the 26th Annual Convention, February, 1930. 
tJ. B. Converse & Co. Inc., Engineers, Mobile, Ala. 
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Fig. 1—GALVESTON, TEXAS, GRAVITY TYPE WALL, CONSTRUCTED 
SOON AFTER THE STORM OF 1900 


Gulf through the Yucatan Chanuel or the Florida Straits, and 
they move toward the coast at the rate of about ten to fifteen 
miles per hour and with a counter clockwise rotary motion. The 
winds in these hurricanes attain velocities from 90 to 120 miles 
per hour and in rare instances velocities of 150 miles have been 
recorded for a few minutes. The storm tides that accompany 
these hurricane winds are the greatest destructive agents to the 
shore line of the Gulf Coast. The winds in these hurricanes are 
of much greater intensity in the two quadrants to the right of the 
path of the center of the storm. Currents are produced in the 
waters of the Gulf moving from the right to the left of the path 
of the center. As the hurricane passes inland over the coast line, 
the waters to the right of the center are driven with great force 
upon the shores. Their return to the open waters of the Gulf in 
the counter clockwise rotary direction of the hurricane is ob- 
structed by the elevation of the shore line. The result of this is 
that storm tides to the right of the center have been known to 
reach an elevation of 18.0 above M. G. L., their height depending 
upon the intensity and duration of the storm and the topography 
of the coast effected. The effect of this height of 18 ft. can be 
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Fig. 2—HARRISON COUNTY, MISSISSIPPI, SLAB TYPE WALL, SUP- 

PORTED BY SHEET PILE CUT-OFF AND SQUARE CONCRETE PILES; 

1925—DESIGNED BY H. D. SHAW, GULFPORT; A. M. SHAW, NEW 
ORLEANS, CONSULTANT 


“appreciated when you consider that the normal daily variation 
between high and low tide on the Gulf Coast does not exceed 2 
feet. To the left of the center the winds are off shore and result in 
a tide below M. G. L. 


A few specific instances of the banking up of water along the 
coast are of interest. The City of Mobile is on Mobile Bay, 
_ thirty miles from its entrance to the Gulf at Fort Morgan. The 
ground elevation at the entrance of the bay approximates 2.0 and 
at Mobile 15.0. The 1916 storm passed inland so as to place both 
Mobile and Fort Morgan just to the right of the center. The 
maximum storm tide elevation at Fort Morgan on the Gulf was 
5.3 while at Mobile an elevation of 11.6 was reached or a differ- 
ence of 6.3 feet. At Galveston in 1900 the hurricane passed in- 
land just to the west of Galveston and produced a storm tide of 
15.0. The 1915 storm passed inland with Lake Ponchartrain just 
to the right of the center. The storm tide elevation at the 
Rigolets and Chef entrances to the lake was 9.5 while at the 
western end of the lake an elevation of 13.0 was reached. The 
storm of 1909 entered the low marsh lands of South Louisiana 
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just east of Morgan City; this storm to the right of the center 
reached an elevation of 10.0 while 75 miles to the left of center the 
elevation was 0.1. 


The first question to be determined in the design of any shore 
protection works is what storm tides may be expected. The 
records of the U. S. Weather Bureau on tropical hurricanes are 
very extensive. A study of these together with local data will 
determine whether the locality under consideration has ever been 
in a position to receive the maximum storm tides of any hurricane 
in that vicinity. If it has been, a comparison can be made of the 
intensity and duration of that storm with storms of maximum 
recorded intensity and duration in the Gulf, and a decision made 
as to possible storm tides. If the locality has never been in the 
path of maximum storm tides from a hurricane, an estimate of 
storm tide elevation should be made assuming that a storm will 
pass inland just to the left of it: taking into consideration the 
topography of the adjacent land, storm tides from storms that 
have passed inland within say one hundred miles to the left of it, 
and also if the project lies on a tidal estuary or bay, consideration 
of the direction of the inlet with respect to the paths of hurricanes 
in that section of the Gulf. Having arrived at a decision as to the 
storm tide elevation and knowing the general elevation of the 
ground along the shore to be protected we can now classify the 
particular shore protection under one of three distinct divisions. 


1. A shore line with adjacent ground surface elevation so low 
that hurricane storm tides will submerge it. 

2. Ashore line with adjacent ground surface elevation so low 
that storm tides would submerge it but which for the protection 
of life and improvements must be kept free of hurricane storm 
waters. 

3. A shore line with adjacent ground surface at an elevation 
above storm tides. 

Before entering into a discussion of these three divisions your 
attention should be called to the fact that shore protection on 
much of the Gulf Coast means a protection of such a nature as to 
permit building and maintaining a paved highway along the shore. 

Division No. 1 comprises those large undeveloped areas along 
the Gulf Coast that lie from elevation 2.0 to elevation 4.0. To 
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Fic. 83—JACKSON COUNTY, MISSISSIPPI, 1926—DESIGNED BY F. 
MCGOWAN. CURVED SLAB WITH SHEET PILE CUT-OFF WALL AND 
NO REAR SUPPORT 


attempt to prevent these areas from being submerged under 
storm tides of eleven feet or more would entail expenditures that 
at this present stage of development would be prohibitive. It is 
desirable at this time, however, to continue coast line highways 
along this shore uninterruptedly. The elevation of the shore pro- 
tection (truly in this case road protection) is determined by the 
elevation of the road surface. In as much as it is desirable to have 
this highway open for travel at all times except during storms a 
grade is usually established based on maximum tide exclusive of 
hurricane tides. From the view point of storm damage this grade 
should be as low as is consistent with maximum travel under 
average conditions as in this manner less obstruction will be 
offered to wave action and at the height of the storm the highway 
and its protection works will be submerged to such extent as to 
be undisturbed by wave action. Your attention is called to the 
manner in which a storm tide covers the low marsh lands and re- 
cedes with no appreciable effect on this area. In such cases as this 
an impervious surface such as a concrete slab between two rows 
of sheet pile wall is one solution of the problem. The elevation of 
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the top of the sheet piles corresponds to the elevation of the 
highway, the space between rows being filled and forming a sub- 
grade for the slab. Special care should be taken to seal the joint 
between slab and pile. It is needless to say that any structure 
subjected to wave action and which is dependent in any respect 
for stability on an earth fill must be constructed so as to prevent 
these waters from penetrating. 


Division No. 2 embraces the populated areas of the Gulf Coast 
which in some cases would be submerged with six to eight feet of 
water and shore protection becomes storm protection. In this 
case in addition to protection from hurricane tides provision has 
to be made to drain the protected area in case of heavy rainfall 
which usually accompanies a hurricane. In some localities 
drainage under normal conditions is by gravity through the 
protection wall. With the rise of the storm tide the flood gates 
are closed and pumping is necessary. The height of the protection 
work in this case is determined by the elevation of maximum 
storm tide, and the extent to which the structure is subjected to 
wave action. The type of structure may vary from a gravity 
type concrete wall to the reinforced concrete slab type. 


Division No. 3 includes those shores where the elevation of the 
ground surface is above hurricane storm tide and affords an 
ideal situation to combine the shore protection works with a 
coastal drive. This combination eliminates a serious trouble 
that has been experienced with some coastal protection work in 
the past. When a wave strikes a wall it is deflected upward; 
during a hurricane the winds carry this water in shore and it 
is deposited behind the wall with a destructive force. Animper- 
vious slab should be provided behind the wall to prevent the 
undermining action of these falling waters. This slab then 
serves a dual purpose in that it also provides an excellent highway 
surface. The type of structure here may also vary from a gravity 
type concrete wall to the reinforced concrete slab type. 


For any particular locality the height of the wall structure 
having been determined by conditions previously outlined, the 
next question to be considered is the depth of erosion to be 
expected at the face of the wall. This requires a study of soil 
conditions varying from the sand beaches of the eastern Gulf to 
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Fig. 4—-HANCOCK COUNTY, MISSISSIPPI—1926; DESIGNED UNDER 

SUPERVISION OF J. B. CONVERSE, AS ASSOCIATE OF J. W. BILLINGS- 

LEY, NEW ORLEANS. A SLAB TYPE WALL SUPPORTED BY SHEET 
PILE CUT-OFF WALL AND SQUARE CONCRETE PILES 


the clays of Texas estuaries. Consideration should be given to 
the possible height of waves as their effect is seldom felt at a 
depth greater than their height. The proximity of dredged 
channels, tidal currents, littoral drift, and wave wash from winds 
and vessels, are all factors. 


With the height of structure and depth of erosion determined 
the character of the back fill known and an assumption made as 
to the dynamic pressure from the waves, the design of the wall 
follows the theories of well recognized engineering practice. 


In considering types of concrete walls for shore protection there 
are the unreinforced gravity type and the reinforced slab type. 
The gravity type with no steel eliminates, of course, any question 
as to failure due to corrosion of reinforcement. In my opinion 
present methods of design and control of concrete mixtures 
together with a net covering of two to three inches for reinforce- 
ment plus rigid field inspection will prevent corrosion of rein- 
forcement in the reinforced slab type. I have recently had an 
opportunity to inspect a reinforced concrete sheet pile wall on 
the Gulf Coast that was constructed in 1912. The reinforcement 
has a net covering of 114 inches. This wall now 18 years old is 
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in an excellent condition. Most of the shore protection work on 
the Gulf Coast consists of reinforced concrete due to the economy 
of this design. 

There are a few points that may well be mentioned in consider- 
ing the reinforced concrete slab type. This type as constructed 
on the Gulf Coast consists first of a concrete sheet pile cut off 
wall. This cut off wall is carried as a rule to a point above average 
daily high tide. It is essential that the joints between piles be 
sealed so that there can be no seeping out of the back fill. This 
has been accomplished by driving tongue and grooved sheet 
piling. The tongue does not extend the full length of the pile, 
both sides of the piling being made with the groove in the upper 
section. After driving, this cylindrical space made by the 
grooves, is cleaned out and grouted. From the cap of this cut off 
wall a slab is carried at an inclination slightly less than the angle 
of repose of the material composing the back fill for the wall to a 
beam running parallel to the wall. This beam isin turn supported 
by concrete piles. On the greater portion of the Gulf Coast con- 
struction these slabs have been constructed with steps running 
the full width of the slab which makes the beach in front of the 
wall easily accessible at any point. A saving in construction 
can be effected and an additional height of protection can be 
secured by making the sidewalk adjacent to the wall flush with 
the top of the wall. The roadway slab can then be elevated 10” 
to 12” above the sidewalk by means of a curb and guard rail, and 
carried on a slope to its inner edge. In this manner spray falling 
on this slab returns directly to the Gulf over its surface and the 
face of the wall which eliminates the installation of all catch 
basins and drainage lines that would be necessary were this road- 
way depressed in the usual manner of street construction. 
Such matters as bending in the cut off piles should be carefully 
- considered if erosion will take place, as well as excessive pressure 
due to hydraulic fills. -From the practical side of constructing 
these walls we sometimes meet a condition that is unfortunate in 
that there are some certain stretches on the Gulf Coast which 
within a short distance will have a shore line with an out cropping 
of sand clay on a beach that is in general sand. These cut off 
piles on Gulf Coast work have been placed with a jet and we find 
that when the sand flows back and is compacted around them 
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Fig. 5—CoNCRETE SHEET PILE WALL, WITH TIE BACKS, PORT 
ARTHUR, TEXAS. CONSTRUCTED 1912. 


there is no movement whatsoever. However, when the clay enters 
into the situation and the contractor is equipped for jetting only, 
the pile is left in a cavity that is not filled in the same manner as 
those that are jettedin the sand. In my opinion, in those stretches 
where clay does exist, the use of the jet should be prohibited. 

On a project that I am now handling, the production of a con- 
crete with a high density, which would protect the reinforcing 
steel from the action of sea water, was a prime factor in the 
design. This was sought through the means of a high cement 
ratio; the limiting of the water content to five and one-half gal- 
lons, and the careful supervision of the mixing and placing which 
is necessary on work of this nature. 

The Joint Committee recommends a seven bag mix for con- 
crete exposed to the action of sea-water. It was desirable to 
use a 1:1144:3 mix with 5% gallons of water with a minimum of 
7 bags of cement to the cubic yard of concrete. Considering 
the fact that the quality of the concrete was of the utmost im- 
portance, my desire to make the specifications as specific and 
rigid as practical considerations would allow is readily under- 
stood. 

To avoid writing a specification calling for an impossible mix, 
a mix fulfilling the desired requirements was attempted. The mix 
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proved not only practical, but desirable in every way. The con- 
crete was workable to such a degree as to offer no unusual 
difficulty in working around the reinforcing steel; the seven day 
strength averaged 3,000 pounds per square inch; the twenty- 
eight day strength 4600 pounds per square inch; and the absorp- 
tion at 28 days was 3.48% by dry weight. That these tests were 
very favorable is evident when you consider that a working stress 
of 800 pounds per square inch was used. 

The desirability of a large factor of safety was also kept in 
mind in the design of the wall proper. The stresses were kept as 
low as was economically possible. In dealing with earth pres- 
sures, conditions were assumed that it is reasonably certain are 
much worse than those that will exist after construction is com- 
pleted. The piles were designed for extreme handling conditions 
with a 50% increase in stresses to keep to a minimum the cracks 
that might occur in handling and go undetected notwithstanding 
the most rigorous inspection. 

I wish to say here, that the great service rendered by the re- 
search laboratories in their efforts to improve the quality of 
concrete and extend its use, has in my opinion been of inestimable 
value to the practicing engineer in the design and building of 
successful shore protection works. 

Very few engineers, if any, have at their command either the 
means or the facilities for such experimental work, and if they 
had; one could easily imagine the chaotic mass of contradictory 
information and opinion that would result. In contrast to the 
above unhappy condition, these laboratories, with the most 
modern testing apparatus, and under the direction of the best 
talent obtainable, have worked continuously at the problem, 
and have published their findings so intelligibly that it would be 
difficult for an experienced engineer to make a serious mistake 
as long as he follows the fundamental methods and principles that 
they advocate. 

On the Gulf Coast proper very little work has been done in 
maintaining beaches by the installation of groynes. My exper- 
ience has been very limited in this construction, however, I have 
installed this type of protection for causeways in our southern 
waters and have succeeded in building up the shore very ma- 
terially. There is no doubt that where a littoral drift exists or 
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a prevailing current can be checked on a sand beach that this 
construction will prove most beneficial in maintaining the shore 
and in causing accretions. 

For many years the Gulf Coast made various attempts to 
finance the building of structures to protect the properties and 
highways along the beach front. No works of any great magni- 
tude were constructed for a long time due to the fact that the 
properties adjacent to the beach were not of sufficient value to 
support the bond issue required. In addition to this there was 
the question of the equity in assessing these costs entirely against 
these properties. It was not until legislation was passed under 
the head of ‘Road Protection,’’ and a refund to the coast counties 
from the gasoline tax was permitted, to finance the construction, 
that any large projects were started in the eastern Gulf sections. 
This gasoline tax under a road protection law has probably pro- 
vided more funds than any other form of financing. Another 
method of financing by which large projects have been installed 
in Texas is through legislative acts under which certain populated 
sections of the coast were granted a remission of a portion of the 
State Ad Valorem Tax to provide funds for the construction of 
shore and storm protection. Both of these laws have their disad- 
vantages as well as their advantages and it would indeed be 
advisable if some uniform shore and storm protection legislation 
could be devised. 

Under either law it is necessary for the political subdivision 
that is issuing the bonds to guarantee the payment of the princi- 
pal and interest by additional Ad Valorem Taxes, if such should 
ever become necessary. 


Readers are referred to the JourNaw for October, 1930, for dis- 
cussion which may develop. Such discussion should reach the 
Secretary by Sept. 1, 1930. 


Discussion of Paper by McMillan and Lyse: 


“SoME PERMEABILITY STUDIES OF CONCRETE’’* 
BY ARTHUR RUETTGERST{ 


THE appearance of the paper ‘Some Permeability Studies of 
Concrete’’ was doubtless welcomed by many students of concrete 
who had come to recognize the importance of permeability but 
failed to acquire an intimate knowledge of the subject in its many 
phases after draining the limited available sources of published 
information. It must also have pleased the readers to learn that 
the contents of the paper reflected but the beginning of an ex- 
tensive investigation by the Research Laboratory of the Portland 
Cement Association which promises to unearth and dispell many 
of the mysteries in which permeability of concrete has been 
shrouded. 


The elaborate scale on which the permeability specimens are 
being tested and the degree of laboratory precision manifested 
by the general regularity of the data curves thus far presented 
inspire a feeling of confidence in the test results. One must be 
careful in interpreting such results, however, to keep in mind the 
limiting conditions imposed by the particular apparatus and test 
methods employed. 


The paramount role played by early curing in the development 
of watertightness in concrete, assuming proper placement of the 
material, seems amply demonstrated by the authors and the 
‘supporting test data are especially valuable in view of the previous 
dearth of reported information along this line. That water 
content bears a very important relation to permeability seems 
tochave been more generally known and revealed by prior investi- 


*By F. R. McMillan and Tage, Liye, Journal of the American Concrete Institute, December 
1929—Proceedings, Vol. 26, p. 


jEngineer, U. 8. Bureau of erred Denver. 
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gators, although until recently the relation was recognized and 
expressed in terms of cement content rather than water content. 


The very abrupt discontinuance in development of watertight- 
ness in thin mortar specimens with cessation in curing and expos- 
ure to relatively dry air is significant, for it may indicate what to 
a large extent takes place on the surface of concrete of any thick- 
ness under similar conditions. In this connection it occurs to 
the writer, since permeability and curing are so intimately 
associated, that information on the effects of deferred or inter- 
rupted early curing might also be illuminating and of great 
practical value. ~ 

In accounting for the diminution in flow from specimens with 
duration of the tests, it is noted that the authors mention con- 
tinued hydration and obstruction of the passages with silt or 
other impurities in the water as causes. As a possible further 
cause, and particularly as explanatory of the phenomenon repre- 
sented graphically in Fig. 8 of the author’s paper, the writer 
suggests constriction of the pores through further swelling of the 
specimens from increased water saturation. In the writer’s ex- 
perience with specimens 4 inches thick and cured 14 days prior 
to testing, there was little indication of diminution in rate of 
outflow so long as the pressure prevailing at the beginning of 
outflow was maintained. In other words the combined resistances 
to outflow had become practically stabilized. 

The apparent relation, for early periods of curing, between 
compressive strength and watertightness of concrete made with 
different brands of portland cement, as depicted in Figs. 16 and 
17 of the paper, is noteworthy. The maximum divergence in 
leakage values, about 15 to 1, corresponding to a strength 
divergence of only about 2 to 1, is very striking. It would be 
interesting to know the relationship for more advanced periods of 
curing even though, as indicated by the authors, the actual 
differences in leakage might be so small as to appear inconse- 
quential from a practical standpoint. It might also be enlighten- 
ing to supplement the compressive strength-permeability results 
with data obtained by subjecting the various cements to the 
sugar-lime solution test recently developed and advocated by 
Thaddeus Merriman. If Mr. Merriman’s contentions are valid 
it would seem that the use of many incompletely-manufactured 
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or laitance-producing portland cements now meeting the stand- 
ard specification requirements must be avoided if strength and 
watertightness at the usual test ages are to be reliable indices of 
durability under all ordinary conditions of exposure. Also, if 
the cementing medium in concrete is to be treated as one of the 
variables affecting strength and impermeability, there would 
appear to be opportunity for effecting measurable improvement 
by the use of appropriate additions to regular portland cement, 
in the form of material thoroughly incorporated in the manufac- 
tured product or added separately as a field operation. In this 
connection mention is made of the discussion by Richard H. 
Gaines of the paper “Laws of Proportioning Concrete,” by 
William B. Fuller and Sanford E. Thompson, in the 1907 A. S. 
C. EK. Transactions. The discussion is an interesting and skillful 
presentation of theoretical research studies supported by test 
data which tend to show that portland cement is rendered far 
more effective in developing mortar strength and imperviousness 
at 7 and 28 days; first, by thoroughly mixing a quantity of dry 
finely-divided colloidal clay with the cement; secondly, by adding 
a small quantity of suitable electrolyte such as alum to the 
mixing water; or thirdly, by a combination of the processes men- 
tioned. Some progress seems to have been made along these or 
similar lines. However, before any such special products or 
processes might be expected to attain extensive use, it appears 
there must be reasonable assurance of economy and unimpair- 
ment in the durability of the resulting concrete. 

Regarding the effect of diatomaceous earth admixture on per- 
meability, experience acquired by the writer through direct con- 
tact with work in which a particular brand of diatomaceous silica 
was used and carefully tested does not bear out the authors’ 
apparent conclusion that the only likely benefit from the use of 
‘powdered admixtures in the production of watertight concrete is 
through elimination of placing defects. Besides improving work- 
ability, lessening segregation, and practically paying for itself 
through increased yield of concrete, the admixture was found 
consistently to increase the compressive strength and to effect 
very marked improvement in watertightness over plain concrete 
of equivalent slumps, in mixtures ranging from about 1 part 
cement to 714% parts of dry rodded uncombined aggregate to 
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that of 1 part cement to 71% parts of aggregate. The detailed 
results of a series of permeability tests recently completed and 
supporting the above assertion are now being compiled by the 
writer with a view to later publication. Meanwhile, and as the 
literature on concrete reveals numerous other similar experiences 
with diatomaceous earth admixture, it is hoped that the authors 
will find it possible to conduct a more exhaustive series of tests 
with this material and to investigate at least several of the better 
brands on the market. In conducting such further tests, it is 
suggested that cognizance be taken of the fact that one of the 
primary objects if not the chief reason for using diatomaceous 
earth admixture is to provide workability in economical mixtures 
which would otherwise be harsh or border on harshness. It is 
thought for this reason that the permeability tests should not be 
restricted to concrete mixtures especially rich in cement or con- 
taining perfectly-graded smooth aggregates adequate in fines. 


The fact that in the writer’s experience no particular benefit 
in watertightness accrued from the use of 3 per cent of diatomace- 
ous silica in specimens of 1 to 9 mix cured 14 days may serve to 
partially explain the negative results obtained by the authors with 
short-cured specimens of 1:2:4 and 1:214:5 mixes; that is, the 
pores in all of the specimens were probably too large, due to 
leanness of mix or short curing, to be effectively obstructed by 
the small swollen particles of admixture. On this basis it is 
conceivable that the short-cured but richer 1:1144:3 specimens 
tested by the authors were benefited by the Celite but the 
benefit escaped detection since apparently none of the specimens 
of this mix developed outflow and the testing apparatus was not 
adapted to measuring the comparative inflows. 


_ Watertightness, impermeability, imperviousness, and _ like 
terms are of course only relative, inasmuch as any specimens of 
concrete can be permeated if sufficient water pressure is available. 
Supplying definite meaning to the terms consequently requires 
prescribing certain limiting conditions or providing some stand- 
ard procedure for testing. The standard method for testing con- 
crete in compression suggests an analogous method for testing 
permeability, the unit of measure, namely, maximum pressure 
in pounds per square inch of applied surface, being the same in 
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both cases. In the compression test, specimens of various stand- 
ard dimensions are subjected to the force of a plunger moving at a 
standard rate of speed until the specimens fail, while in the per- 
meability test, water under variable pressure might be applied to 
one face of specimens of various standard dimensions to produce 
a standard uniform rate of infiow per unit of area until the speci- 
mens were permeated and water commenced to drip or flow from 
the opposite face. Unfortunately such a permeability test, when 
manually controllec, requires constant attention and laborious 
painstaking labor for accurate results, especially when the speci- 
mens for test are cured for a period of time in conformity with 
field practice. Moreover, it appears that automatic operation 
would require equipment too expensive and mechanically involved 
for efficient economical service. A substitute method, which 
seems to lend itself more readily to automatic operation, would 
be based on reversing the pressure and flow factors. That is, in- 
stead of a constant flow and variable ascending pressure, the press- 
ure would be held constant and the variable inflow recorded until 
leakage developed. With standard pressures and sizes of speci- 
mens, the permeability index could then be expressed in terms of 
rate of inflow for the pressure used or per pound of pressure, at 
the point of leakage, or it might be feasible to convert the test 
data, after the relation between pressure and inflow became 
definitely established, to express the permeability index in terms 
of the water pressure which would have been required to just 
produce leakage, as in the first method described. The latter 
information, accompanied by reliable data on effect of concrete 
thickness on permeability, would be of particular value in connec- 
tion with designing concrete mixtures for conduits, dams and 
other hydraulic structures subjected to relatively large hydro- 
static pressures. 


Where test specimens are cured in water or soaked in water 
a sufficient length of time before testing under constant pressure, 
the absorption and swelling factors are largely eliminated and the 
inflow-time curves (see figure) appear to assume parabolic form, 
except in unusual cases where non-uniform internal movement of 
the water through the pores in a cross section of the specimen 


642  JouRNAL oF THE AMERICAN ConcrETE INsTITUTE—Proceedings 


Foie of I tlowy. 


pes i eee 


8 


Est pointot ourflow 
tar tdertical Speciien 
of oowble flickness 


ea 
eee | ea 
{SL eS a ae 
> eg le a 
LT * Point of ourtoW ro 
PER eis 
? ae of ourtlow Point of OUtFIOW i: 
22/05. X jes Sd 
=e a ee aa a 
40 aed General Equation ~ Y°=kX Fa ES) 
rare of tow = Wfax =hY2, CALE RIX. 


ae _ 
vale, bo |b | db | | db | 


Duration of Test in Hours 


hie, 1 


S 


ze 8 8 


g 


S 
8 


8 


8 


CumUlative ntlow 17 C.C, at JO01b. Pressure 
x 
So 


normal to the direction of flow is prevented by the presence of 
direct channels which cause premature leakage. 


The curves shown in the figure, while not representing actual 
tests, are nevertheless approximately typical of internal flow 
curves developed under testing conditions as mentioned. The 
curves have been drawn as true parabolas and their equations 
indicated, the ordinates representing cumulative inflow in cubic 
centimeters at 100 pounds pressure and the abscissas representing 
the total elapsed hours from the commencement of the test. It 
is assumed that all specimens represented by the full line curves 
are identical with respect to dimensions and manner of treatment, 
except for proportioning the concrete constituents. The general 
parabolic equation is also stated on the graph, together with the 
general equation for the rate of inflow. The latter equation, 
being the first derivative of the general equation for the parabola, 
is represented graphically by the general tangent to the flow 
curve. 
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One purpose of the graph is to demonstrate that if rate of 
inflow is to be used as a permeability index for comparing the 
different specimens, the rates should obviously be determined 
from the ends of the curves or points of outflow, since all speci- 
mens, being of the same thickness, then have the same depth of 
water penetration. Unless this procedure is followed the effect 
of thickness of specimens is disregarded. The practice employed 
by some experimenters, while possibly dictated by economic or 
other considerations, of determining the comparative rates of 
inflow from some arbitrary period or periods of elapsed time (as 
along the line AC of the graph) is manifestly incorrect and would 
in some instances introduce appreciable error. If it is desired to 
shorten the time required to bring specimens to the point of 
outflow, higher pressures might be used or reasonably accurate 
comparative values might be obtained by first determining the 
approximate voids in the specimens from drying losses or other 
means and then arriving at the rates of inflow on the basis of 
cumulative inflow at some fixed proportion of the total void 
content. The differences in inflow rates obtained from the 
graphs by using points of outflow as a basis in one case and 15 
hours elapsed time in the other case are tabulated below as a 
matter of information. 


Rate of Inflow in cc/hr. 
Spec. Apparent 
No. At Point After Error 
of Outflow 15 Hours | Difference 
1 4.34 4.34 | 0 0% 
2 1 27, 2.60 1.33 102% 
3 1.60 2.40 .80 50% 
4 55 1.31 | 76 138% 


A second purpose of the graph is to offer some theoretical com- 
ments relative to the effect of thickness of specimen on permea- 
bility, as this is an important matter apparently surrounded by 
meagre test data and conflicting conclusions. Referring again 
to the graph it will be noted that the point of outflow for specimen 
1 (point A) corresponds to a cumulative inflow of 130 cubic centi- 
meters. Considering such cumulative inflow as a measure of 
the volume of water required to saturate the specimen under 100 
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pounds pressure, it seems logical to assume that twice the amount 
of water or 260 cubic centimeters would be required to fill the 
pores of an identical specimen of twice the thickness. Further- 
more, and particularly if the extent of curing before test has been 
such that additional curing action during the test period is not 
a material factor, it appears reasonable to conclude that the inflow 
curve for the thicker specimen would be represented by the 
original curve extended from point A to the point B, at which 
latter point the rate of inflow (provided the curve is parabolic) 
would be one-half that at point A. Expressed in general terms, 
the rate of inflow at saturation, varying inversely as it does with 
Y, as indicated by the general equation for rate of inflow, would 
likewise vary inversely with concrete thickness. By similar 
reasoning it is apparent that the theoretical time required to 
produce outflow would vary directly as the square of the thick- 
ness. 

There are other factors affecting permeability on which reliable 
information is sorely needed, such as gradation and maximum 
size of aggregates. In the latter connection the writer has found, 
from direct experience and from plotting test data from various 
sources, that there is an apparent appreciable increase in permea- 
bility with increase in maximum size of aggregate, for mixtures of 
like water-cement ratio. This tendency might be anticipated in 
the light of the less effective bond generally secured on the under 
surfaces of coarse aggregate particles and the increased likelihood 
for larger pieces of aggregate to collect air, water and laitance 
by interfering with their rise to the free surface of the concrete. 

In planning permeability test apparatus, specimens and pro- 
cedure, it is believed careful consideration should be given to the 
facility for practical application of the test data secured. Other 
wise it may be found less difficult to secure the data than to 
convert the results to a form for ready comparison or to apply 
them to the solution of concrete design problems. 


Generally speaking, it appears that permeability knowledge 
will render material aid in solving two distinct problems of wide 
import. One is the determination of mixtures and methods 
required for protecting exterior concrete exposed to the elements 
and other disintegrating forces. The second problem, peculiar 
to hydraulic structures, is the determination of mixtures and 
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methods required for the production of both exterior and interior 
concrete of sufficient resistance to prevent percolation through 
the mass, under the particular water pressures to which the con- 
crete will be subjected, or the dissolution, within the mass, of 
ingredients essential to its durability. 


BY GEORGE CONAHEY* 


THE AUTHORS of this paper have presented the results of con- 
siderable research work studying methods of measuring the per- 
meability of concrete. The results are very interesting. 


Before too much value is given to the results obtained, the 
method they have used should be more fully investigated, and 
results obtained with a larger number of gradations of aggregate 
rather than attempt to develop the laws for making of im- 
permeable concrete with the limited number of tests reported and 
the few gradations of aggregates on which they give results. 


The authors of this paper realize this because of the discussion 
of the different points that they bring up throughout the paper. 


Much of the value of their discussion is lost due to the lack of 
detailed information regarding the specimens tested. For 
instance, the lengthy discussion in the summary regarding the 
value of the water-cement ratio appears to apply only to one 
gradation of aggregate, or at best to aggregate graded to 34” 
maximum size. The data on similar specimens in Table II, 
page 131, show a variation in the permeability of from 50 ce to 
1200 cc per sq. ft. per hour with a constant water cement ratio. 
It is not made clear in the discussion what variables were studied 
to cause this wide variation with the same water cement ratio. 


The following statement is made in the summary on page 142. 
“Studies of some of the common powdered admixtures showed 
that additions of those materials which required extra water to 
maintain plasticity reduced the watertightness . . .” Ido 
not wish to discuss the value of the slump test as a measure of 
plasticity. Admixtures No. 1, 2, 5 and 6 were tested and placed 
in this class by the authors. Admixtures No. 1 and 5are materials 
purchased as Celite. It is surprising tnat the authors would 
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present such a summary with the limited data available and in 
the light of their other findings. 


The authors state on page 13, ‘‘The slight difference in leakages 
between concrete containing various admixtures and without ad- 
mixtures must not be given too great emphasis.’ No doubt this 
statement is made in view of the limited data available, for they 
also state, on page 107, “The thickness of the specimen used has 
generally been 2 in., which gives satisfactory results where the 
aggregate does not exceed 34 in. in minimum size.”’ Regarding 
the tests with admixtures is the statement, “The permeability 
specimens were 6 x 2-in discs containing aggregate of 11-in. 
maximum size.’’ It is not made clear in the paper, but this state- 
ment applies only to the data shown in Fig. 18. The use of 
ageregate graded to 14%-in. maximum size in a 2-in. test specimen 
is generally considered to be poor practice, and the data obtained 
from such tests should be classed as “interesting if true” informa- 
tion. The tests made to obtain the data shown in Fig. 19 were 
made with aggregate graded up to 34-in. maximum size. These 
data show no definite trend of results when admixtures were 
used, and are not sufficient to warrant any statements in regard 
to the use of admixtures. 


The authors point out in the summary, page 140, that ‘Tests 
have demonstrated what has been observed in concrete structures 
that defects in placing are a much more important factor in the 
leakage than ordinary differences in mixtures, materials, or 
water content’’; also, on page 138, they state as follows: ‘The 
concrete must be such that it will readily fill the form and incor- 
porate the reinforcement, and at the same time maintain such 
plasticity and cohesiveness that segregation will not take place. 
It is recognized that under certain conditions some of the admix- 
tures may be helpful in producing this desirable consistency and 
to this extent aid in the production of watertight concrete 
through the elimination of placing defects.”’ 


I should like to point out here that Celite has been successfully 
used during the past twelve years to aid in obtaining concrete as 
described above and in correcting the defects often developed in 
placing. Celite has been used in a long list of jobs where durable, 
watertight concrete, free from honeycomb, stone pockets and 
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other defects is desired. The list can begin with the concrete 
ships built by the United States Shipping Board during the war, 
and includes such structures as the Cascade Tunnel of the Great 
Northern Ry., Filtration and Sewage Disposal Plants in various 
parts of the country, the San Francisco Bay Toll Bridge, the 
Dam for the City of Altus, Okla., the Tunnel of the Washington 
Water Power Co. of Lake Chelan, the Bridge of the Richmond, 
Fredericksburg and Potomac Railroad of Fredericksburg, Va., 
and the new subway of the City of Philadelphia. 

This list could be extended to contain such a number that the 
editor would not publish it, and the list is not yet completed for 
Celite is being used in many large construction projects at the 
present time. 

We will follow with interest the future reports of tests made 
by this method, and also the results of any other tests made to 
measure the permeability of concrete, for it is a field in which we 
need considerable more data, and also a more reliable test method, 
before we can state fully the laws of proportioning and curing 
concrete in order that it be impermeable. The test method must 
be such that it will show not only differences between small 
specimens in the laboratory, but field tests should be made in 
conjunction with the laboratory tests so that the data can be 
correlated and future laboratory tests can be correctly interpreted 
in determining the value of the concrete in the field. 


AUTHORS’ REPLY TO DISCUSSION BY ARTHUR RUETTGERS AND 
GEORGE CONAHEY 


THE AUTHORS appreciate very much the discussions offered by 
Mr. Arthur Ruettgers and Mr. George Conahey. 

Both these men have taken note of the authors’ statement 
that the investigation is by no means complete and have kept 
this in mind in presenting their comments. 

There are a few places where the text has been misconstrued. 
It hardly seems necessary to point these out, however, as a 
careful reading of the paper will make clear the authors’ intention. 

Both Mr. Ruettgers and Mr. Conahey comment particularly 
on the data relating to admixtures. Perhaps the authors have 
not made entirely clear their interpretation of these data as 
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applied to admixtures. At least they do not find themselves in 
essential disagreement with either of the two contributors. 
What seemed to be of particular significance to the authors was’ 
the small difference in watertightness between the concretes con- 
taining various admixtures and the concretes without admixtures. 
These were very much smaller than differences due to changes in 
water content or curing. Thus, it does not appear that so far as 
the mixture itself is concerned, the use of these powdered additions 
is one of the major factors in producing watertightness. This 
conclusion is in line with the basic philosophy of concrete mixtures 
which assumes that any material added to a plastic mixture is in 
no sense a void filler. The material added occupies space just as 
the other ingredients, and must still be thoroughly surrounded 
by a watertight paste if the concrete is to be impervious. 


This does not assume that the admixtures may not be helpful 
in producing watertight concrete through their effect on the 
placeability of the mixture. As pointed out in the paper, the 
most important factors in producing watertight concrete in a 
structure are those of proper consistency and details of placing. 
Any material, therefore, which will insure more satisfactory 


results in respect to these two factors is deserving of the fullest 
consideration. 


As pointed out in the paper the data reported are the results 
of the first tests in what is intended to be an exhaustive study of 
the whole question of durability of concrete. The first attempt 
was to study those factors which have been shown to be most 
fundamental in the development of other properties of concrete; 
namely, the characteristics of the cement, the proportion of 
cement and water, and the extent of curing. With a clear under- 
standing of the respective functions of the relatively inert aggre- 
gates and the active paste, considerable progress has been made 
in the study of concrete mixtures in relation to the more usual 
requirements of concrete. It seemed desirable, therefore, to 
begin this study with an investigation of these same factors to 
see if the same general principles apply to the development of 
watertightness and resistance to freezing and thawing. While 
the data are not complete, even in respect to these factors, it is 
the belief of the authors that they do establish the application of 
these principles to a surprising degree. 
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With a clear understanding of the importance of the quality 
of the paste and those factors which determine it, the subsequent 
investigations can be much more accurately controlled and the 
data obtained more directly applied to the problems of construc- 
tion. Once the laws governing watertightness of the paste are 
known it will be very much easier to study such factors as size, 
grading and characteristics of the aggregate, and methods of 
placing than would be possible if all these factors were to be 
studied confused with the further factors of water ratio and curing. 


In considering the application of data from tests of this kind to 
the problems of construction, advantage can be taken of the 
experience of the past. In a survey of several hundred structures 
covering a wide range of exposure conditions, as well as such 
variables as materials, mixtures, and methods of manipulation, 
it has developed that most of the unsatisfactory concrete could 
have been eliminated by more ¢are in the selection of consistencies 
and methods of placing. It is almost universally the case that 
disintegration is confined to certain sections of the structure and, 
- even in those where the conditions are extremely bad, consider- 
able areas of the exposed surfaces are still in perfectly satisfactory 
condition. Such trouble as has developed is confined almost 
exclusively to areas where certain types of defects are to be found. 
These defects, which are readily recognized upon inspection, 
- could have been easily eliminated by a greater degree of care in 
certain of the construction operations. 

The most common defects are those resulting from the use of 
over-wet mixes and the practice of allowing concrete to flow over 
long distances, thus permitting segregation and the formation 
of deep layers of laitance and pockets of weak, porous concrete. 
It is quite common to find at the extreme ends of walls, especially 
in wing walls and buttresses, several feet of concrete in the upper 
layers which has badly disintegrated, while in the main body of 
the wall or in the lower layers of the wing walls the concrete is 
in perfectly good condition. 

Another common defect is honeycombing due either to separa- 
tion of the ingredients from overwet mixes or the use of mixes too 
dry to compact properly. Still another defect that is universally 
encountered is the failure to produce proper bond between suc- 
cessive layers or to properly seal the vertical joints between 
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sections. In defects of this kind water is found to seep through 
producing unsightly deposits on the exposed face and frequently 
resulting in disintegration extending well back from the edges. 

The fact that in most of the structures encountered, the leakage 
and disintegration are confined to such points as described is of 
the most profound significance to the construction industry. 
That such large areas of the individual structures are still in per- 
fectly satisfactory condition indicates that in the main the 
materials and mixes were adequate to the exposure had these 
placing defects been eliminated. To be sure some of the defects 
of placing are the result of improper mixtures, but a careful 
study of many structures has led to the conclusion that in a 
vast majority of cases, even where disintegration is very prom- 
inent in spots, only slight changes were needed in the mixtures 
themselves to have produced thoroughly satisfactory results had 
the matters of proper consistency and careful placing been 
attended to. 

In the light of these considerations, it must be recognized that 
these permeability studies take on a new significance. Except in 
cases of thin sections designed to withstand considerable water 
pressure, or unusual severity of exposure, the problem seems to 
be one of ordinary mixtures carefully placed and properly cured. 
For cases of extreme pressure or severity of exposure, there are 
precedents to show that excellent results are obtainable with 
good mixtures properly placed and thoroughly cured. These 
deductions are in thorough accord with such data as have been 
obtained from the permeability and freezing tests. 


BY G. M. WILLIAMS* 


THE QuaLity of impermeability in a concrete is one which 
has received comparatively little attention in the many labora- 
tory studies which have been carried on to establish the properties 
of concrete. Yet practically all concrete failures in practice are 
due to the absorptive and permeable qualities of concrete which 
may be exposed to changing atmospheric conditions, the leaching 
effect of pure waters or to salts in solution in ground waters. 
Structural failures of concrete are extremely rare and inexcusable 


*Professor of Civil Engineering, University of Saskatchewan, Saskatoon. 
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and can usually be traced back to a disregard of well established 
principles of making, placing and curing concrete. The penetra- 
tion of moisture followed by freezing or even by alternate wetting 
and drying has caused marked deterioration of concretes which 
have apparently been produced with proper materials and 
methods and which have the requisite structural strength. To 
insure long life under such conditions of exposure concrete of low 
permeability must be produced. The writer’s experience along this 
line has indicated that high compressive strength will result in 
low permeability for any given materials provided consistencies 
or flowabilities are limited to the minimum suited to the type of 
work. This relation between impermeability and high compres- 
sive strength seems to be as accurate as any of the so-called laws 
of proportioning concrete for compressive strength. 

The importance of low permeability was impressed upon the 
writer by the results of the Bureau of Standards field investiga- 
tion of drain tile and concrete exposed to sulphate waters which 
was started in 1913. Inspection and tests during the following 
years emphasized that even for the same proportions of cement 
and aggregate wide differences in resistance to sulphate action 
could be obtained. Highest resistance was found for those mix- 
tures which were most impermeable. As a result of this exper- 
ience a permeability apparatus was developed which with minor 
changes is now in use in the concrete laboratory of the University 
of Saskatchewan. As shown in Fig. 1 it consists of two circular 
machined castings with soft rubber gaskets bearing upon the two 
parallel faces of the concrete test slab. Leakage is prevented by 
means of a single screw which can be quickly adjusted. Water is 
applied to the upper horizontal face of the test specimen over a 
circular area of 28 sq. in. and seepage through the specimen is 
collected in a glass graduate below. Water under air pressure is 
held in a tank from which it flows through a pressure reducing 
valve to the upper face of the specimen. Any number of test 
specimens can be connected in parallel to the water supply line 
and if desired additional supply lines and pressure reducing valves 
can be attached to the tank outlet. Nearly all tests to date have 
been carried on with a water pressure of 35 lbs. per sq. in. The 
test specimens are 12 x 12 x 21% in. molded on edge with the 
12 x 12 in. test faces in contact with the sides of the form. In 
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carrying out a test the specimen after curing or at some later 
period is placed in position bearing upon the rubber gaskets 
above and below and the set screw adjusted. After the test is 
complete the specimen can be as quickly removed and stored 
away to await future tests. 
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In discussing the results of permeability tests it willbe well 
to keep in mind the phenomena of expansion and contraction of 
mortars and concretes when alternately exposed to dry and wet 
conditions. Many tests have been made to measure the volume 
change of portland cement mixtures and it has been well estab- 
lished that the drying out of the cement paste causes it to con- 
tract, thereby reducing the linear dimensions while the absorption 
of moisture by a dry or partially dry paste causes an expansion or 
swelling. The paste is colloidal and the amount of pore space and 
the size of the interconnecting channels throughout the mass are 
dependent upon a number of factors, the principal one of which 
is the moisture content. It is to be expected then that the 
inherent watertightness of any mixture or its ability to resist flow 
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of water under pressure is partially a function of the swollen or 
shrunken condition of the colloidal paste. 

The authors state that a 28-day moist curing period at 70° F- 
for mixtures within the range of commercial practicability resulted 
in leakage so small that reliable comparisons could not be made 
between the indifferent variables. Other experimenters have 
reported the same observation. The writer has encountered the 
same difficulty and a few years back was preparing concretes with 
cement contents well below 400 Ib. per cu. yd. in order to get com- 
parisons of watertightness. However, it was found that the com- 
mercial mixtures after a period of storage in the air of the labora- 
tory became quite permeable, so that comparative results could 
be obtained in a test in a reasonable duration of time after such 
storage. 

Such results indicate the possibility of several conclusions: 


1. The permeability of any concrete is a variable property 
depending upon the moisture content of the colloidal cement 
paste. 


2. Decrease in leakage or increase in watertightness of con- 
crete during the progress of a test is principally due to swelling of 
the colloid. This absolute watertightness which is attained when 
the colloid is fully saturated may be somewhat increased by the 
further hydration of cement particles and the consequent reac- 
tions. For any particular cement some idea of the effect of more 
rapid and complete hydration may be obtained by comparing the 
normal cement with the same cement ground finer. 


3. For any given water pressure employed in the test a con- 
crete may be reported permeable or impermeable depending upon 
the moisture content of the colloid. 


The variation of permeability has been noted throughout the 
tests in the writer’s laboratory. Specimens after 28 days moist 
curing may be impermeable for an indefinite time but after 
storage in air further tests may indicate them to be extremely 
permeable. The leakage rapidly decreases, just as a dried speci- 
men immersed in water expands very rapidly at first and then 
more slowly, and approaches constant length. The specimens 
may then be placed in water for a few days and a further test 
indicates approximately the same impermeability that existed 
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immediately after removal from storage. Another drying period 
in air causes loss of impermeability under the same water pressure. 


It would seem that comparable results can be obtained in per- 
meability tests only when the moisture conditions of the colloids 
are known. Therefore it will be necessary that the specimens be 
fully dried out or completely saturated just prior to test. Since 
the most severe condition is the dry condition and concrete in 
the field may often be in some intermediate condition of dryness 
the writer believes that tests should normally be made with 
specimens oven dried to approximately constant weight. It is 
recognized that the term constant weight is indefinite but a rate 
of loss at some definite temperature of drying, depending upon 
the volume of the mass, can be specified. Certainly any dried 
specimen which is impermeable is inherently impermeable for all 
practical purposes in the field. 


It should be recognized, as the authors point out, that many 
defects in the field which are evidenced by seepage of water 
through the mass are aften due to conditions which require the 
placement of large masses with a minimum of spading and tamp- 
ing. Laboratory studies which result in specifications for a 
truly impermeable concrete. may not necessarily produce such 
results in the field but proper attention to aggregate grading and 
the limitation of consistency to that which can be placed with a 
reasonable amount of tamping and spading will do much to 
eliminate the defects present in many structures. The use of the 
old 1:2 sand-gravel ratio together with excess flowabilities is 
responsible for much of the efflorescence and seepage through 
weak planes in structures such as dams and reservoirs built of 
concrete. For any given cement content and aggregate low sanded 
mixtures tend to be more permeable and even more of the inherent 
watertightness is lost by the excess water required to float the 
large volume of coarse aggregate, or due to the accumulated 
water from lower layers. In many cases where care has been 
employed and seepage spots have appeared the action probably 
has been due to the drying out during the curing, and prior to 
the filling of the reservoir, of a concrete which in comparable 
laboratory tests would have been impermeable as taken from 
damp storage but pervious after air drying. 
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Tests of admixtures by the writer have led to results closely 
in accord with those reported by the authors. It was also found 
that the high alumina cements, including the French and Ameri- 
can resulted in concretes more permeable than comparable con- 
cretes in which portland cements were used. 

Where permeability tests have not been made to establish 
definitely the relation between compressive strength and water- 
tightness for any given cement and aggregate, satisfactory results 
will probably. be obtained by proportioning to obtain a concrete 
of high compressive strength, avoiding undersanded concretes 
and limiting consistency to the minimum usable. 


Discussion of Hardy Cross’ Paper: 


“Design OF REINFORCED CONCRETE COLUMNS 
SuBJECT TO FLEXURE’’* 


BY W. M. DUNAGANT 


WHEN THE designer of a structure considers an increase in 
allowable stresses because of an improvement in the strength of 
his material he must give equal consideration to the important 
question of the deformations that will occur under the new 
stresses. Mr. Cross’ analysis of concrete columns subject to 
fixed deformation promises to bring to the foreground a discussion 
of the relative elasticity of concrete when increased in strength. 

Through heat treatment and special alloys the allowable 
stresses in steel structures have been increased to a point where 
the size of members has been reduced in some cases as much as 
50%; the extent to which this sort of reduction may be carried 
in the future may hinge upon this question of relative elasticity. 
This is true because increases in the strength of steel have not 
been accompanied by corresponding increases in its stiffness or 
modulus of elasticity. With this condition obtaining it is con- 
ceivable that a structure might be absolutely safe from every 
point of stress analysis and be unserviceable because of a failure 
to preserve rigidity. Thus the ultimate criterion in the use of 
high strength materials may be that of relative stiffness. 

Mr. Cross says (page 162), “‘steel fails at a given stress depend- 
ent on its strength whereas concrete fails at a given strain which 
is practically independent of its strength.’ He then draws 
the conclusion “‘there is no advantage in increasing the strength 
of concrete which is subject to a fixed deformation.’ This can 
only be true if every increase in strength of concrete is accom- 
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panied by a directly proportional increase in stiffness, which 
does not seem to be verified in experimental data. Since so 
much of Mr. Cross’ article is based on this conception of the 
behavior of concrete under stress a careful interpretation should 
be given the above statements and an effort made to determine 
the effect of a different behavior on columns subject to fixed 
deformations. : 

Fig. 1,* is the results of a study of this very factor; it gives some 
information as to just how greatly concrete differs from steel 
when an increase in stiffness is effected with an increase in 
strength. These data were obtained by means of the mirror- 
extensometer as described in the Proceedings of the American 
Society for Testing Materials, vol. 24, part II, Technical Papers, 
page 1025. The similarity of the curves under the conditions 
shown and their symmetry vindicates the use of these data for 
discussion. 

To the original curves have been added dotted lines indicating 
the direction the curves would take if Mr. Cross’ conception of 
the behavior of concrete under stress holds true. Likewise a 
line has been drawn indicating the direction assumed in the 
specifications of various building codes when recommending 
changes in ‘‘n”’ with variations in allowable f’c. 

The data on page 161 of the December JouRNAL has been 
rearranged in order to permit an interpretation of these new 
data in the light of the figures already given. It will be observed 
that Mr. Johnson’s figure has been plotted in terms of the 
secant modulus at 50% of the ultimate strength, which fortun- 
ately corresponds almost identically with the data with which 
Mr. Cross derived his figures. To Mr. Cross’ tabulations have 
been added a new set of figures showing the relative deformations 
that would occur in a column of constant diameter using three 
classes of concrete each stressed to its allowable f’c. 


Rel. Deformation 


| | 
{’c Allowable F’c | Relative Strength (New Data) 
2000 960 100 100 
3000 1290 112 : 110 
4000 1620 119 119 


*Relationship between strength and elasticity of concrete in tension and compression,”’ 
oy Chast W. Johnson, p. 35, Bulletin 90, Eng. Experiment Station, Iowa State College, 
Ames, Lowa, 
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From the above data one may be led to say that with each 
relative increase of strength there is a corresponding increase in 
the deflection which the member will sustain without rupture : 
this again is modified by the extent to which ‘“‘n” is varied with 
corresponding increases of “EK,” and as the amount and location 
of steel is thereby likewise effected. 

The writer hopes that this discussion may lead to a closer 
scrutiny of the entire stress-strain relationship of concrete as it 
bears on the subject of relative rigidity. 


BY STANLEY G. CUTLER* 


I was very much interested in the article by Prof. Hardy Cross 
on the design of ‘Reinforced Concrete Columns Subject to 
Flexure.”’ 

In this connection we have been designing a large public build- 
ing in concrete in which the outside wall is unsupported to the 
height of about forty feet, this wall consisting of large reinforced 
concrete columns (about 44 in. x 32 in.) with open panels of steel 
sash between (panels about 18 ft. wide). At the top of the column 
the roof slab spans across from the outside wall to the interior 
of this structure. 

As the interior of the building will be constantly heated to a 
uniform temperature while the outside temperature will, of 
course, vary, it seemed to me that there would be a bending 
tendency in the columns due to the unequal expansion and con- 
traction caused by this variation in temperature, and the columns 
would thus have a tendency to curve either in or out. Assuming 
the more usual case of a lower temperature outside the building 
than inside, the columns would curve out if fixed at their bases. 

If such a column were free at its top no stresses would be 
caused by this temperature deflection, but it is in fact restrained 
by the roof slab, which in the above case holds it in at its top 
and thus sets up a strain in the outside face of the column, causing 
a stress in the concrete similar to that caused by an outward 
pressure against the column—i. e., tension at the outside and 
compression at the inside of the column. 


*Olney J. Dean & Co., Chicago. 
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I did not wish to get into complicated calculations on this 
account, as the amount of such a temperature deflection would 
be indefinite at best, so it occurred to me that the equivalent side 
pressure could be obtained, which would cause a deflection 
similar to that caused by this temperature strain and its restraint 
by the roof slab. The restraint at the top of a column would be 
of the same degree as the deflection in a cantilever under a uniform 
load, which load was calculated at about 940 pounds per foot of 
column. 


This restraint, however, would not only strain the column but 
the roof slab as well. This condition I cared for by placing struts 
in and beneath the roof slab at each column, and running rein- 
forcing continuously from the lower surface of the struts to the 
outside surface of the columns. The struts were made of such 
size as to give them approximately the same stiffness as the 
columns in my judgment, when considered integrally with the © 
roof slab. 


The stresses per square inch of concrete from this cause appear 
to run about as follows: at base of column 580 pounds per square 
inch compression on the outside; 30 feet up (approximate maxi- 
mum) 210 pounds per square inch compression on the inside; 
top of column 150 pounds per square inch compression on the 
inside; strut at column 150 pounds per square inch compression 
on top. The corresponding tensions and areas of reinforcing at 
various sections were similarly obtained. As this method of 
allowing for temperature deflection seemed to be very liberal, I 
used allowable stresses in concrete and steel well up toward the 
elastic limits. The concrete sizes of columns were chosen from 
these considerations plus the effect of wind and direct load, and 
then the reinforcing adjusted in like manner. In combining the 
stresses it seems that the effect of temperature deflection will in 
general be opposite in effect and somewhat greater than that of 
wind load. 


Upon writing Professor Cross on this matter, he suggested 
another method of calculation, the result of which would give 
a fiber stress of about 100 pounds per square inch at the top of 
the column, but it seems to me that in accordance with practical 
observation, the critical section on this account would not be at 
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the top but at some section lower down the column, as appears 
from the analysis I made. 

Probably due to the uncertain rate at hioh changes of tem- 
perature would affect such large columns, any particular refine- 
ment in calculation of the stresses set up in them would be 
superfluous. 

However, this type of building is Phen common—power 
houses, assembly halls, theatres, gymnasiums and cell houses, as 
example, are usually of this general type and it seems to me that 
if no general calculation of temperature deflection is made for 
such buildings, at any rate the effect of perhaps 200 pounds per 
square inch excess concrete stress should be allowed for and the 
reinforcing arranged to best resist strains from this cause. 

This condition seems to me to be specially serious in buildings 
of this type because if neglected there would be danger of tension 
cracks on the outside of the columns which would be subject to 
weathering action, due to the great unsupported height of the 
columns, and that there would also be likelihood of rather dan- 
gerous cracks in the roof slab if the latter was not stiffened to 
care for the restraining action from this cause. 


BY GEORGE H. DELL* 


AT THE request of Professor Cross the writer has examined the 
report of C. Bach and O. Graf in connection with tests upon 
reinforced-concrete specimens subjected to axial and eccentric 
loadingt, which were performed in 1912 and 1913 at the Kgl. 
Techn. Hochschule, Stuttgart. This work was planned by 
Professor Moersch. 

The following information deals with a total of 35 reinforced- 
concrete columns about 8 ft. in length and of cross-sections as 
shown in Figs. 1, 2, and 3, which were tested to failure under 
eccentricities ranging from e/d = 0 to 1.25, viz.: 

Type 1—12 specimens reinforced on tension side with approxi- 
mately 4% per cent longitudinal steel, without ties; 

Type 2—12 specimens reinforced on tension side and on com- 
pression side each with approximately 14 per cent longitudinal 


*Instructor in Civil Engineering, University of Illinois, Urbana. 
+Forschungsarbeiten auf dem Gebiete des Ingenieurwesens, Heft 166 bis 169, 1914. 
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steel, lateral reinforcement consisting of 7 mm © ties spaced at 
7 cm. and a spiral-like reinforcement consisting of 5 mm ia) 
spaced at 7 cm; 

Type 3—11 specimens reinforced on tension side and on com- 
pression side each with 0.95% longitudinal steel and with lateral 
reinforcement similar to that of type 2. 
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With regard to the spiral-like reinforcement, three specimens 
similar to type 2, but having 7 mm ties spaced at 15 em and no 
spiral reinforcement were tested,{ and the average loads, both 
at appearance of first crack and at failure, when compared with 
corresponding loads observed on three specimens of type 2 are 
shown to be within one per cent of the latter. We may then be 
justified in regarding this type of spiralling, at least in the case of 


tTable 12, loc. cit. 
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rectangular sections, to be ineffective and in considering that 
types 2 and 3 are equivalent to plain tied columns. 


Materials. The cement had a tensile strength of from 430 to 
483 lbs. per sq. in. and a compressive strength of from 5120 to 
5330 Ibs. per sq. in. (1 day in moist air and 27 days in water) ; 
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or, under the new specifications (1 day in moist air, 6 days in 
water, and 21 days in air), tensile strength, 626 to 769 lbs. per 
sq. in. and compressive strength 6220 to 6660 lbs. per sq. in. 


The concrete consisted, by volume, of 1 part portland cement, 
2 parts river sand, and 3 parts river gravel, with 9.2 per cent of 
water, based on the weight of the dry materials, or an average of 
14.3 per cent of the volume of cement, sand and gravel when dry. 
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The compressive strength of the concrete as found from 53 
12-in. cubes at an age of approximately 45 days averaged 3200 
Ibs. per sq. in., with a maximum deviation of about + 914 per cent. 


The “upper” elastic limit of the longitudinal reinforcement 
averaged about 53000 lbs. per sq. in. 


Column of Type 3 Load 


5, 


50 75 100. 25 
bales of of 


Fic. 3 


The specimens were kept covered with wet sacks while in 
storage; temperature not stated. 


Test Results. The curves and tables in Figs. 1, 2, and 3 show 
the ultimate loads, and the safe loads calculated with n = 15, 
f, = 960 lbs. per'sq. in. P, is the calculated safe load obtained 
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by disregarding the tension in the concrete; P, that obtained by 
including the tension in the concrete. 


CHARACTER OF FAILURES 


by failure of tensile 
steel. 


Type 1 Type 2 Type 3 
Compression Compression 
Compression Compression followed|Compression 


Failed almost simul- 
taneously in compres- 
sion and in tensile steel 


Tensile steel, followed 
by failure in compres- 
sion 


Failure started in com- 
pression, followed by 
failure of tensile steel 
at ult. load. 


Tensile steel 


Tensile steel 


Tensile steel 


Discussion, including Author’s closure, concluded in the JOURNAL 


for May 1930. 


Discussion of the Report of Committee 301 


SIMPLIFIED Ricgip FrRamME DersiIGn* 


BY FRANK J. MC CORMICKT 


PRoFESsoR CROss and the other members of Committee 301 
are to be commended on the ingenious method of simplified rigid 
frame design presented in the present paper. There is no doubt 
that this method may be used to great advantage in many cases. 
It seems, however, that a few of its limitations should be pointed 
out a little more clearly. 


The author has stated that “the method of analysis proposed 
here will give accurately the moments at the supports of any 
frame made up of straight members of uniform section, provided 
the joints are not displaced by loading . . .” This last 
clause is particularly significant. But it is also noted that ‘‘ex- 
cept for the effect of transverse loads, the joints may be con- 
sidered fixed in position in practically all cases.’’ This statement 
is to be questioned. Of course, where frame and load are sym- 
metrical about the same axis the method gives the moments to 
any desired degree of accuracy when the distributing and bal- 
ancing operations are repeated a sufficient number of times. In 
all other cases errors are introduced because there is some un- 
symmetrical distortion; the amount of error depending upon the 
unsymmetrical character of the load, or frame, or both. 


A simple example will serve to illustrate. In the frame loaded 
as shown in Fig. 1 the relative stiffness ratios for the left hand 
column, cross beam, and right hand column are 5, 1, and 1, re- 
spectively. The columns are considered as rigidly fixed at their 
bases. In Fig. 2 the moment curves are plotted for values derived 

*Report by Hardy Cross, author-chairman Committee 301, Simplified Rigid Frame Dee 


JOURNAL OF THE AMERICAN CONCRETE INSTITUTE, December, 1929, Proceedings, Vol. 26, p. 170, 
jAss’t., Agricultural Experiment Station, Iowa State College, Ames, Ia. 
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by both the slope deflection method* and the approximate method 
proposed by Professor Cross, the slope deflection method being 
used as a check as it is generally admitted to be as nearly correct 
as any of the methods of theoretical analysis. 


Fria. 1 


The solid line enclosing the shaded area is the moment curve 
found by use of the slope deflection equations. The dotted line 
is the curve obtained by the author’s proposed method.* The 
large discrepancy in the moments at the base of the left hand 
column is explained by the fact that distortion is not considered 
in the latter method. For a frame of such proportions even when 
carrying symmetrical vertical loads, there is an appreciable 
horizontal deflection to the right which causes the moment to 
decrease at A and to increase at B. This fact is not considered 
in the author’s proposed method of analysis, and its omission 
causes us to arrive at untrue values for the moments, particularly 


*See Bulletin No. 108, Engineering Experiment Station, University of Illinois, Urbana, II]. 
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at the column bases. The largest error in this case is about 355 
per cent at the point A, certainly a significant amount. 

It would be extremely helpful if Professor Cross could suggest 
some means for correcting these moments to account for the 
effect of distortion, particularly lateral deflection. 


(18086) 
18132 


-/5 948 
613956) 


/ 


/Toment curves are 
plotted on tension side 
of members 
Values are expressed 
in inch peunds 
Slope deflection va/sues 
shown in parentheses 


a 
LT 
i 
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BY T. F. HICKERSON* 


PROFESSOR CROSS’ method of computing bending moments at 
the supports of continuous beams is highly interesting and in- 
structive, and easily understood. But the writer doubts if it is 
satisfactory for adoption in a design office, because the actual 
application of the process of so-called carry-over moments entails 
too much re-distributing and juggling of quantities. This pro- 


*Professor of Civil Engineering, University of North Carolina. 
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cedure, if followed through until the dead load and maximum 
live load moments have been obtained, would become somewhat 
bewildering when it is realized that these carry-over moments 
from the first span (of the problem given by the author) must be 
transferred to the second and thence to the third span; and vice 
versa. And after this is done, the mid-span moments, the reac- 
tions and shears must be found from the equations of statistics. 

The writer is convinced that the use of coefficients is the sim- 
plest and most straightforward method for determining readily 
the moments and shears at all critical sections. Accordingly, 
with the expenditure of much time and labor, complete tables of 
moment and shear coefficients, applicable to any case, have been 
prepared for publication. 

By means of these coefficients, one can compute easily the max- 
imum (or minimum) moments and shears at the supports, the 
quarter point, the middle, and the three-quarter point of each 
span for all ordinary cases of end and intermediate column re- 
straints. 

It is admitted that the proportions of the frame illustrated are 
unusual for they were purposely so chosen. This was done to 
emphasize the fact that, while the method proposed by Professor 
Cross does have many advantages over other methods in a great 
number of problems, it must be judiciously applied, and is not to 
be used blindly in all cases merely because of the simplicity of its 
application. 


Discussion of W. M. Dunagan’s Paper: 


‘(A MertruHop oF DETERMINING THE CONSTITUENTS 
or FRESH CoONCRETE’’* 


The importance which is attached to the perfection of reliable 
means of unscrambling fresh concrete and determining the 
constituents may be judged by-the lively discussion. In his 
paper in the December 1929 JouRNAL, Mr. Dunagan mentioned 
other investigators along similar lines. Their opinions are all 
represented here in these pages of discussion along with still 
other contributors. So that the discussion may not be too soon 
shut off, it is continued to the JouRNAL for June, 1930—and 
should be in the hands of the Secretary not later than May 5.— 
EDITOR. 


BY R. L. BERTINT 


THE NEED of a method for determining the constituents of 
fresh concrete as a measure of uniformity and proportions has 
been recognized by the writer for a long time, and as Chairman of 
Sub-Committee XII of Committee C-9 of the A. 8. T. M., insti- 
gated this test back in 1928 as a basis for writing specifications on 
mixing, conveying and placing concrete. Various methods of 
segregating fresh concrete were considered by the committee, and 
early in 1929 a method was finally developed, a description of 
which follows: 


SUGGESTED METHOD OF DETERMINING QUANTITIES OF MATERIALS IN SAMPLES 
OF FRESH CONCRETE 


1. Prepare a sample of concrete, using sand passing a 14-in. screen and 
stone or gravel retained on 14-in. screen, from which materials smaller than 
the No. 100 sieve have been removed and which contain water of absorption. 
Record the weights: 


SE a OF THE AMERICAN CoNCRETE InstITUTE, December 1929, Proceedings, Vol. 26, p. 


9) 
2 


{Chief Engineer, White Construction Co., Inc., New York City. 
(670) 
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Water = Wy 
Cement = W;, 
Sand =" WW 
Stone = Wi 


and total weight of sample = W, + W. + W; + W; = W3. 


2. Immerse sample in a quantity of water of known volume = V; ina 
graduated container; stir thoroughly to remove all air and observe total 
volume = V2. 

V.— V; = V3 = absolute volume of 


Water = Wn 
Cement = Y35 
Sand = Ves 
Stone =. Wy 


contained in the concrete sample. 


3. Screen the entire sample through a \4-in. and a No. 100 sieve, using 
additional water to thoroughly wash the aggregate free of cement. 


4. Collect materials retained on both screens, surface dry, and weigh. 
Weight of material retained on No. 4 screen = stone = wi 
Weight of material retained on No. 100 screen = sand = W3 

5. Immerse stone in known volume of water = V; in a graduated container; 


stir thoroughly to remove all air and observe total volume = V5 
Vo— Vg = vi 


6. Immerse sand in known volume of water = V;o in a graduated container; 
stir thoroughly to remove all air and observe total volume = Vu. 
Vu — Vio = Vi 


7. The absolute volume of water and cement = 
Ve. + Vs = V3 — (Ve + v}) = Viz 
8. Compute weight per cu. ft. of water and cement mixture 
Ws— (Ws + Wa) We 
Vi—(Wi+ VI) Vu 


= W, 


9. Compute water’and cement content in mixture weighing W; per cubic 
foot. 2 

Let x = absolute volume of water in a cubic foot of mixture, then (1 — x) 
' = absolute volume of cement 

62.4x + (1 — x)Ws, = W; 

62.4x + Ws — xWs = W; 

x(62.4 — Ws) + Ws = W; 

Peat Wis 

62.4 — We 


10. The value W; = the cubic foot weight of cement in terms of absolute 
volume and is obtained from a preliminary test as follows: 
(a) Immerse a known weight of cement, say 4 oz. in a known volume of 


4 
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water, say 200 cc., stir thoroughly to remove all air and observe the total 
volume of the mixture, say xcc. 

x — 200 = absolute volume of 4 oz. of cement 

and 4 oz. X 1728 cu. in. X 16.3934 cc. per cu. in. = Ws 


(x — 200) X 16 oz. 
11. The absolute volume of cement in sample = (1 — x)Viz = Wis 


12. The volume of water in sample = x Vn = V4. 


13. Convert quantities of materials to weight. 
Water V4 X 62.4 = Wj 


Cement Vs X Ws = W} 
Sand = Wi 
Stone —— wi 
and compare with original proportions: 
| Wi — W2 — Ws —— Ws 
The above test is based on the assumption that the aggregate does not con- 
tain materials finer than the No. 100 sieve. 
In practice both the sand and the stone will contain some fines passing the 


No. 100 sieve which, in the screening process, will register with the cement and - 


water volume and weight and affect the values wi == wi = Wr We — Was 
Corrections will therefore have to be made as follows: 
14. Determine beforehand the percentage of fines passing the No. 100 
sieve for the sand and the stone. 
Let p 
p 
If the concrete is uniformly mixed, the amount of sand fines passing the No. 
100 screen will be pW3, and the stone p'W}. 
15. Determine beforehand the weight of these fines per cubic foot in terms 
of absolute volume in the same manner as described under (10) for cement and 
let 


ratio of fines passing No. 100 sieve to sand retained. 
ratio of fines passing No. 100 sieve to stone retained. 


ll 


1 


Ws = weight of sand fines. 
Wio = weight of stone fines. 


then the absolute volume of these fines will be 
p Wi for sand 
Ws 
and p! wi for stone 
Wio 
The absolute volume of water and cement will then be 
yi ae pw: ae vl ae I 
6 3 Hl 4 
V V; = V3 — — = aeew 
4 ae 5 3 | W, Wio 
The weight of water and cement will then be 
We — (W3 + pWy + W; + p'W)j = We . 
The weight per cubic foot of water and cement mixture will then be 
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Ws — W3(1+p) + Wi(1 + p)) 
Vs — (V§ + Vi + pw) + p!w)) 


W> Wio 
The conversion of quantities of materials to weight will then be 
Water Vi x 62.4 = wi 
Cement V}X Ws = Wi 
Sand W3(1 + p) = W} 
Stone Wi(1 +p!) = W} 


and these values compared with the original proportions 
Wi — W2 — W; — Ws 


This method was devised with a view of reducing to a minimum 
the use of predetermined factors because it was felt that this 
test should be self conclusive. 


This method differs from that of Mr. Dunagan in that in the 
former the apparent specific gravities of the aggregates do not 
enter in any step of the operation, whereas the latter is dependent 
entirely upon these values for results and accuracy. 


In Mr. Dunagan’s method, the amount of water held in the 
specimen is determined by subtracting from the actual weight 
of the specimen that of the computed weights of the aggregate 
and cement. These determinations depend for their accuracy 
upon the conformity of the apparent specific gravities of the 
aggregate in the sample to that determined on other samples of 
aggregate. Recently the Bureau of Public Roads investigated 
methods of test for apparent specific gravity and absorption of 
coarse aggregates. The results are contained in a report of D. O. 
Woolf, entitled “Investigation of Methods of Test for Apparent 
Specific Gravity and Absorption of Coarse Aggregate,’’ published 
in the October issue of Public Roads. The report indicates that 
wide variations exist in the absorption and apparent specific 
gravities of different samples taken from a given material. Table 
No. 1 is taken from the report and reproduced herein to indicate 
the variations which may be expected in the apparent specific 
gravity of aggregates. The variations in percent have been added 
to the table by the writer to bring out the point in question. The 
largest variation in apparent specific gravity between the lowest 
and highest determination of seven samples taken from the same 
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TABLE 1—VARIATION IN RESULTS OF TESTS FOR SPECIFIC GRAVITY WHEN MADE 
ON DIFFERENT SAMPLES OF SAME MATERIALS 


@ =| 
; z % ac 
Specific Gravity < _e - & : S 
o © Test Number fo zs 8 |-28e8 S33 & 
a2 wo Bee |S oS HB] a oo8 
ES S | ges |USs/ SC EE 
zi i1;2te3j4prsl}el7| « |S e38 lp ssaleaaa 
1 /2.54/2.58|/2.66/2.72/2.66/2.60/2.68} 2.63 18 7.07 |+ 3.42 
2 |2.67|2.66|2.67|2.66/2.68/2.68 2.67 .02 753 |= .375 
3 |2.56/2.64|2.63|/2.54/2.64/2.58 2.60 10 3.93 |= 1.925 
4 |2.54|2.61|2.50/2.56/2.64|2.52/2.59| 2.57 14 5.60 |= 2.72 
5 |2.62)|2.53/2.54/2.58/2.58|2.57 2nod .09 32.060 =a 
6 |2.60|2.77/2.62/2.68)/2.64/2.66 2.66 as 6.55 |= 3.20 
7 |2.60|2.58|2.61|2.63/2.60/2.55 + 2.60 .08 3.14 |= 1.54 
Designation of Materials 


Sample No. Material 
Massachusetts Gravel 
New York Limestone 

” Pennsylvania Gravel 
Ohio Gravel 
Virginia Gravel 
Illinois Gravel 
Alabama Gravel 


NOP WN eH 


material is 7.07%)—the average variation for seven different 
materials taken from various parts of the country is 4.37%— 
and the average deviation from the average value for each group 
is 2.138% above and below the average. 


If the variations given in Table No. 1 for Illinois Gravel are 
applied to the test given in Table 1 of Mr. Dunagan’s paper, 
assuming that an apparent specific gravity of 2.60 was found in 
the preliminary tests and used in the computations and that of 
the gravel in the sample was 2.70, the computations would result 
in an error of 15% in the water content and therefore in the water 
cement ratio. 


The test would be inconclusive and misleading inasmuch as the 
result would be subject to two interpretations. 


1. That the W/C ratio of the specimen was as determined, and 
therefore the concrete represented by the specimen tested unsatis- 
factory, which of course would be erroneous, or 


2. That the W/C ratio of the test specimen was different 
from that derived from the test, because of variation in the 
apparent specific gravity of the coarse aggregates, and therefore 
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that the test was not conclusive evidence that the concrete it 
represented was defective. 

Mr. Dunagan recognizes this point in the “General Notes” of 
his paper, but the methods of analysis he selected for a general 
method indicates that he considers aggregates with uncertain 
apparent specific gravities to be the rare exception, whereas it 
would appear from the Bureau of Public Roads’ report and others 
to be the rule. 

For the reason mentioned above the writer believes that the 
reliability and accuracy of this test will be greatly improved and 
its use made more general for all kinds of aggregates if the 
determinations of the weights and volumes of the fine and coarse 


TABLE 2—DETAILED COMPUTATION FOR A TEST 
Material Used—Cement 


Sand 
Gravel 
x 
nD a 
wales 
# g 33 Designation of Steps Computations 
a alas 
als 3|o & 
| e358 
D/|RA|AO 
a | (1) | x |Weight of concrete sample, in air 3135 3135 
b | (2) | x |Weight of concrete sample, immersed 1848 
c ce |Absolute volume of concrete (a—b) 1287 1287 
d| 4 | x |Weight of surface dried sand 1107 
e| 5 | x |Weight of surface dried gravel IB SPO 
f c |Weight of surface dried aggregate 2484 2484 2484 
g ec |Weight of cement and water paste (a—f) 651 
h| 3 | x |Weight of sand and gravel immersed 1555 
i ce |Absolute volume of aggregate (f—h) 929 929 
j ec |Absolute volume of cement and water paste ( (cI) 308 
k ¢ |Sp. Gr. of cement and water paste 3 = 
7] From Fig. No. 1 cement in paste in ‘G, = 67.00 
m From Fig. No. 1 a ratio = 105 
n Proportions by weight—Cement =g X1 = 436 
Co) Water =g—r = 215 
p Sand = d =s1107 
q Gravel = e = 13877 


aggregates in a surface dried condition are made and used instead 
of derived values. 
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Table No. 2 shows the steps required in carrying out a segre- 
gation test, using Mr. Dunagan’s method and apparatus with 
the added steps of weighing the surface dried aggregates and 
recording the results in the table under Determination 4 and 5. 
The test thus modified eliminates the necessity of weighing the 
sand in an immersed condition. the preliminary determinations 
of the apparent specific gravity of the sand and stone and the 
computation of the actual weights of the materials. It also 
removes the element of doubt which must be ever present if the 
test results are based on questionable premises. 


Through the use of a diagram similar to that shown in Fig. 1, 
‘the water cement ratio and the amount of cement in percent of 
weight of cement paste in the specimen may be obtained directly 
~ once the specific gravity of the cement paste is known. The 
diagram is so drawn that if a job curve of water cement ratio 
strength relations is made, it may be recorded in the lower left 
hand corner of diagram and the cement paste specific gravity and 
percentage of cement in the cement paste corresponding to the 
desired strength or W/C ratio of the concrete read directly. 

All known methods of determining the weight and absolute 
volume of aggregate containing the water of absorption involves 
surface drying of the aggregate. 

The writer is mindful of the time this operation consumes, and 
that the results of the segregation test would be delayed thereby. 
It would be, therefore, of great value to develop a method of 
determining these properties without having recourse to the 
surface drying process. 

Two methods have suggested themselves to the writer, and are 
given as possibilities. 

It is hoped that sufficient interest will be aroused in this 
problem and that some definite method will be evolved which will 
make possible immediate determination of the apparent specific 
gravities of aggregates. 

Attention is called to the graph in the lower left-hand corner 
of Fig. 2. The relation shown is that which concrete strength at 
28 days bears to the specific gravity of the cement paste used in 
the making of the specimen. 

It is interesting to note that this relation is practically linear. 
From it may be deduced the general law that the compressive 
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resistance of concrete increases within limits in a direct propor- 
tion to the degree of uniform concentration of the cement in‘the 


paste. 
The expression of this relation is in the form 
Sie Ay <iSp.Gr, — B 
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The writer will publish in the near future a paper dealing with 
the application of this relation to a number of series of tests con- 
ducted at various times by different investigators. 


The investigation of existing data by means of this direct rela- 
tion brings out clearly the simple underlying principle of the W/C 
ratio law, and throws light on the effects of grading and quantity 
of aggregate, stiffness of the paste, amount of compaction of the 
concrete, on the limits within which this basic law applies. 
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FIRST:—PROPOSED METHOD OF DETERMINING THE WEIGHT AND ABSOLUTE 
VOLUME OF AGGREGATE CONTAINING THE-WATER OF ABSORPTION MEAS- 
URED IN A MORE OR LESS SATURATED CONDITION 


The’ apparatus shown in Fig. 2 is devised merely for the purpose of simpli- 
fying the description of the method, and for practical use would have to be 
modified. 

The apparatus consists of three parts, namely, part A called the kerosene 
flask. Part B called the aggregate chamber. Part C called the surplus water 
flask. 

The operation of the apparatus and recording would be as follows: Read- 
ings all in grams or cc. 

1. Fill the kerosene flask with a measured volume of kerosene = Vj. 

2. Weigh entire apparatus with kerosene = Wi. 

3. Place the sample of aggregate into the aggregate chamber in the con- 
dition it is when removed from the sieves after washing out the cement. 

4. Assemble the three parts as shown in the sketch, invert and agitate, 
water to settle to the bottom of the water flask. 

5. Set instrument on scale and register weight = Woe. 

6. Read volume of water in surplus water flask = Vs. 

7. Read volume of kerosene and aggregate and surface water in kerosene 
flask = V4. 

From the above determinations, the weight of the aggregate surface dried 
and the apparent volume may be determined as follows: 

Weight of surface dried aggregate = W,. — (Wi — Vs) 

Apparent volume of surface dried aggregate = V,— (Vi + Vs). 

The success of this method depends on— 

1. The ability of the kerosene to dislodge the surface water from the aggre- 
gate. 

2. The thoroughness with which the surface water will settle to the bottom 
of the apparatus. : 

Other liquids which do not mix with water and having a different specific 
gravity might be more suitable than kerosene, and in order to facilitate the 
reading of the line demarkation between the fluid and surplus water, the solu- 
tion might be colored with a substance which would not affect the water. 


SECOND—PROPOSED METHOD OF DETERMINING THE WEIGHT AND ABSOLUTE 
VOLUME OF AGGREGATE CONTAINING THE WATER OF ABSORPTION 
MEASURED IN A MORE OR LESS SATURATED CONDITION 


1. Weigh sample of aggregate with surface water = Wa.w 
2. Immerse sample in known volume 
of saturated salt solution = We 
of known specific gravity = Gs 
3. Stir aggregate and surface water thoroughly in salt solution 
and read specific gravity of new solution Gey, 
4. Weigh sample while immersed in solution = Was 
5. Surface water contained in aggregate sample = We 
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Gs We + We a G 
Vee i 
(Gs ee Cew) 
w = PS = ae V 
GO) Vs oie 


Weight of aggregate containing water of absorption and free of surface 
water = Wa. 

(b) Wa = Was = Vw 

This method employs in part the method of Bell and Collins for finding the 
free moisture contained in aggregates. This method consists in using a specially 
graduated hydrometer known as the Collins Hydrometer, which reads directly 
the amount of surface water contained in a given volume of aggregate. This 
method is claimed by the manufacturers to be protected by applications for 
letters patent covering both the method and apparatus. 


AUTHOR’S REPLY TO R, L. BERTIN’S DISCUSSION 


Tue Tests for determining the constituents of fresh concrete 
by the writer in the JouRNAL of December, and the one presented 
by R. L. Bertin in his discussion have much in common; however 
they differ in one essential respect, that of practicability. In 
the various steps leading to the development of my test I under- 
took one on the principle used by Mr. Bertin but could find no 
means for putting it on a working basis, nor can I find that Mr. 
Bertin has done so; he cites no examples of actual tests run. 

There are two distinct principles made use of in these tests; 
they may best be illustrated by the fact that they differ in the 
same respect that the Chapman (A. 8. T. M.) Flask differs from 
the buoyancy method in making moisture determinations on the 
aggregates. Mr. Bertin attempts to apply the principle of the 
flask; its weakness being that no refinement for accurate measure- 
ment has been developed for anything larger than a 500 gram 
sample of sand, and, that the moisture in samples must be intro- 
duced into the test none of it being lost. In using the displace- 
ment by buoyancy principle weighings are made to the nearest 
one-half gram and only the solid material need be present after 
initial weighing in air; a condition which is of distinct advantage 
when making the series of tests to determine the constituents of 
fresh concrete or for field determinations of free moisture. 


The similarity of the two methods and the points of divergency 
may be noted by comparing each step of Mr. Bertin’s method 
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with corresponding ones in the buoyancy method of Mr. Duna- 
gan. (The reader may refer to Mr. Bertin’s discussion for the 
steps.) 


Step No. 1. May be the same for each method. 

No. 2. Both methods secure the absolute volume of the sample, the differ- 
ence being in the choice of method. Bertin secures a direct reading which is 
dependent on both solid material and moisture present at the time of inun- 
dating. Dunagan secures the absolute volume of all material depending upon 
the solid material present at the time of inundating and of all materials present 
at the time of weighing initially in air. 

No. 3. Same for each method. 

No. 4. Dunagan prefers to secure the displacement of the solid material be- 
fore surface drying to avoid losses in handling. (For any necessity of drying the 
aggregates, see following discussion of variation in specific gravity). This 
cannot be done by Mr. Bertin since in the ‘flask principle” the moisture present 
from the washing of the cement from the solids will be an unknown quantity. 

No. 5. Same for each. 

No. 6. Same for each. 

No. 7. Bertin secures the absolute volume of the cement and water, Duna- 
gan secures only that of the cement from a difference in that of the entire 
solids and that of the aggregates, which may at this time be converted to weight 

in air from a predetermined specific gravity. 

No. 8 to 11. Mr. Dunagan eliminates this complicated procedure by a 
predetermination of the specific gravity of the cement. Bertin’s procedure in 
these steps amounts to the making of a moisture determination on a sample of 
wet cement as done by the ASTM flask on wet sand except that he relies on 
differences in previous determinations for his data. His step No. 8 is a deter- 
mination of the specific gravity of the paste, his step No. 10 that of the specific 
gravity of cement times 62.4; with these data he could secure the amount of 
cement and water more quickly by making use of the formula used in moisture 
determinations: 


D-C 
x equais 100 —— WD ; Where 


a. x equals the percentage of water in the sample. 
bh. D is W6 in his step No. 10 multiplied by the specific gravity of cement. 

ce. Cis his V12. 

d. W is his W6, the weight of the sample. 

This would solve for the amount of water in the paste. He could construct 
a graph such as he has shown in figure (in his discussion) since W7 is the same 
as step K in his modification of my method. 

Steps in making corrections for silt and fine material are but details of the 
test. The following example illustrates methods of making similar corrections 
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by the use of my method; they have the advantage that the correction is 
direct and made from data secured in the same manner as that in which the 
test for the constituents is performed. 


EXAMPLE OF ANALYSIS OF SAMPLE OF FRESH CONCRETE WITH ALL CORRECTIONS 


I. Preliminary tests. 

a. Take 500 gram sample of cement to be used; weigh this immersed. 
Pour on No. 100 sieve and wash; thoroughly wash residue back in container 
and reweigh, thus securing percentage retained on No. 100. 


Example: weight of sample immersed 339 grams 
weight of part retained immersed 8.5 grams. 


500 
eC quasars a0: 
500-339 
Percentage retained on No. 100 equals 8.5 equals 2.5%. 

339 

b. Take 1000 grams sample of sand in surface dry condition and weigh 
immersed: Pour on No. 100 sieve and wash out the silt, put back in container 
and reweigh. 


Specific gravity equals 


Example: weight of sample immersed 622.5 grams 
weight of (washed) sample immersed 607.0 grams 
Loss 15.5 


1000 
Specifi ity, i jaeree ees = Is 2.65. 
pecific gravity, equals 1000—622. 5 equals 


Percentage passing No. 100 equals equals 2.5%. 


622.5 
II. Analysis. 
| | | 
| Corrected Values 
Weights 
Immersed | Wt. Wt. 
| Immersed in Air 
Sample in air ..... | | 3700 
Sample immersed 2118 | 
Coarse aggregate 1150 P50) 1845 
Total aggregate 1770 
Sand only (diff) 620 | f +15* 
{| — 9 626 1003 
Cement immersed 
(diff) 348 — 6* 342 506 
| Total solids in air 3354 —3354_ 
| | Water (diff) 346 


*.025 X 620 equals 15. and 025 X 348 equals 9. The silt is added to the sand displacement 
and the cement retained on the No. 100 is subtracted from it. The reverse is true for the cor- 
rection in the cement quantity. 
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Water-Cement ratio by weight 346 equals .685. 


506 
Water-cement ratio by volume equals 1.025. 


Gallons per bag 7.7. 


I wish to take issue with the statement that my method is 
dependent entirely upon previous determinations for its accuracy. 
The comparison of steps taken clearly shows that this is not so 
any more than in the Bertin test, but, it presents a method of 
utilizing them, offering an opportunity for accurate work in a 
minimum of time. In case of such variations in specific gravity 
as may occur this method presents a more accurate way to 
correct for them than does his. 


Example: In a given test the stone is of such a nature that a 
reliable figure for its actual quantity may not be obtained from 
its buoyancy, the sand is reliable in this respect; in this case the 
absolute volume of both must be obtained in order to secure that 
of the cement from their difference with the whole sample, then 
the stone may be surface dried as a check against the quantity 
obtained from the conversion from absolute volume to weight in 
air. The surface drying of coarse aggregate is a relatively quick 
operation, that of the sand being the more difficult. Mr. Bertin’s 
method requires the drying of all aggregates, Dunagan’s permits 
the drying of either or both at will without allowing the drying 
operation to effect the accuracy of the test through losses in 
handling. 


In my general notes I call attention to the fact that coarse 
aggregates may vary in specific gravity and that they should be 
watched in this respect. During the development of this device 
not less than one hundred tests were run at various points in 
Iowa and Illinois, using material of both quarry and glacial origin; 
in no case have the results shown such disastrous results as Mr. 
Bertin prophesies; recently thirty consecutive tests were per- 
formed, the aggregates surface dried as a check with no variation 
of more than 1%. 


The committee asks for a ‘‘self conclusive” test. How can 
such exist if the data cited from Public Roads are correct? In 
drying a sample of stone and correcting for absorption a great 
error is possible since it shows corresponding variations in absorp- 
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tion with the specifie gravity variations. It seems that such data 
indicate that under certain conditions there is a limit to which the 
accuracy of control tests may ke performed in the effort to pro- : 
duce uniform concrete. Fig. 1, a special test of uniformity in 
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Fig. 1 


mixing, in which my device was used to analyze the mix at various 
intervals of mixing, shows test results to a degree of accuracy 


as fine as present practice requires for water-cement ratio con- 
trol of quality. ; 
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The data cited by Mr. Bertin on variations in specific gravity 
must be accepted as pertinent with reservations for the following 
reasons: 

a. The tests were not run under the conditions obtaining in 
concrete work. He chose samples rather than selecting them 
from quartered samples of well mixed stock piles, such as occur 
in concrete work. : 

b. The method of test employed is one over which the oper- 
ator has less control than with other methods. A device such 
as the buoyancy method for running these tests is subject to 
less error on the part of the operator. 

c. Other tests show contrary results. The data from the 
Iowa Highway Commission laboratories presented by Mr. 
Meyers, materials engineer, show results from more representa- 
tive conditions. The Portland Cement Association Laboratory 
in Chicago ran specific gravity determinations on Illinois gravel as 
a routine test until it became evident that such consistent uni- 
formity existed that they were discontinued. 

d. There are too few tests for conclusive evidence. 


Objections have been raised that the weighing of the sample 
in water might be effected by the trapped air, or air voids. There 
is nothing to prevent the tester from stirring the sample into the 
bucket container, in fact it is ideally built for this procedure, and 
dry samples demand this stirring with one minute for settlement. 

The example cited in the December JouRNAL was used for 
the specific reason that it shows that the test is more accurate 
for determining the water-cement ratio used than for the other 
constituents. The difficulty in securing a sample respresentative 
of all of the constituents is obvious, however if through specifica- 
tions the net water is to govern the quality of the concrete, this 
test nicely eliminates a lot of worry about them. In fact the 
screening out of the large aggregate and testing of only a sample 
of the mortar for its water and cement will be sufficient unless the 
cement-aggregate relations are desired. In case they are desired, 
a sample of not less than 10 pounds should be selected and weighed 
immersed; this may then be sieved in sections and the test run 
exactly as shown for the smaller ones in the examples cited in this 


paper. 
In reply to many letters of inquiry concerning the complete 
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TABLE 1—RESULTS OF ROUTINE TESTS ON CHECK SAMPLES OF CRUSHED LIME- 
STONE SENT TO THE AMES LABORATORY DURING CONSTRUCTION SEASON, 1929 


Location | Specific Gravity Average Variation 
of Plant from Average 
Max. Min. Aver. Specifie Gravity 
No. of Tests 

Glory, Iowa....... 2.67 PAY 2.62 .015 13 
Lidwood, Iowa..... 2.68 2.64 2.66 O11 1 
Buffalo, Iowa...... 2.69 2.65 PAAOY .010 | 4 
Dubuque, Iowa....| 2.70 2.65 2.68 .013 12 
Dubuque, Iowa....| 2.69 2.63 2.66 O11 18 
Des Moines, Iowa..| 2.60 DOO 2.58 .016 10 
Alden, Iowa....... 2.61 2.48 2.55 (O27 31 
Le Grand, Iowa....| 2.60 2 oA PAA .020 4 
Lidwood, Iowa..... 2.68 2.60 2.64 .025 14 
Sandusky, Iowa....| 2.60 2 Bi 2.56 021 12 
Le Grand, Iowa....| 2.63 2.49 2.56 .032 17 
Gilmore City, Ilowa.| 2.67 2.60 2.64 | 021 8 
Mason City, Iowa..| 2.69 2.64 2.67 | 009 10 
Coralville, lowa....| 2.69 2.63 2.66 .020 9 
Marquette, Iowa...| 2.70 2.65 2.68 .023 3 
Croton, Iowa...... 2.66 DAG 2.65 .002 4 
Fayette, lowa.....| 2.67 2761 2.64 018 a 


TABLE 2—RESULTS OF ROUTINE TESTS ON CHECK SAMPLES OF GRAVEL SENT TO 
THE AMES LABORATORY DURING CONSTRUCTION SEASON, 1929 


Location Specific Gravity Average Variation 
of Plant from Average 
Max. Min. Aver. Specific Gravity 
| No. of Tests 
Bellevue, Iowa..... | 2.67. 262i 2 Gao) als 19 
Camanche, Iowa...) 2.65 2.60 2.63 O11 , 20 
Des Moines, Iowa..| 2.72 2.67 2.70 .020 6 
Clear Lake, Iowa...| 2.69 2.64 2.60 .008 8 
Clarksville, Iowa...| 2.72 2.61 2.67 .020 25 
Eddyville, Iowa....| 2.68 2.62 Pos) .018 13 
Gilbertville, lowa...| 2.71 2.61 2.66 | 032 8 
Des Moines, Iowa..| 2.69 2.62 2EG6me 022 4 
Mason City, Iowa..) 2.72 2.62 2.67 .019 8 
Des Moines, lowa..| 2.69 2.61 2.65 .040 2 
Sacton, Iowa...... 2.69 2.60 2.65 018 13 
Ottawa, Illinois....| 2.71 PEGS} ZA GY 021 9 
Lake View, Iowa...| 2.72 2.63 2.68 .021 18 
Shellrock, Iowa....| 2.67 262 23 65iny 015 11 
Winona, Minnesota.| 2.69 2.65 2.67 027 3 


equipment with which this test is performed the following infor- 
mation is given. The apparatus was developed for field or 
laboratory use in performing: 
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1. Approximate apparent specific gravity of fine and coarse 
aggregates and portland cement. 

2. Free moisture or absorption of fine and coarse aggregates. 

3. Silt Determinations. 

4. The analysis of the constituents of fresh concrete. 

Tables I and II are the tabulations of the results of routine 
tests on samples of the different concrete aggregates sent to the 
Ames Laboratory during the construction season of 1929. The 
samples were sent in weekly by materials inspectors stationed at 
the several material plants producing material for use in highway 
work. Tests were performed in the ordinary routine of the 
laboratory using the jar pyenometer, no special attention being 
given to any of the tests performed other than to maintain the 
uniformity of practice required by standards set by that labora- 
tory. 

These tests were performed by different operators on different 
samples of the same material. Consequently the variations 
obtained may be due either to the relative inaccuracy of the 
different operators or to the variationsin the characteristics of the 
material itself; there is no means of differentiating the two sources 
in this case. However it will be observed that such variations as 
are shown in these data are much less even though caused by 
both the material and the operator than those shown by Mr. 
Woolf and attributed to the material alone. 


BY C. A. HUGHES* 


THE WRITER agrees with Professor Dunagan that determination 
of the composition of freshly placed concrete is the most direct, 
and therefore the most satisfactory method of checking the 
efficiency of mixing and placing operations. 

The requirements of test procedure for this purpose are that 
- (1) accurate and dependable data are obtained, (2) the test may 
be completed rapidly, and (3) the apparatus is suitable for field 
use. The proposed method appears to satisfy these requirements. 

Assuming workable concrete and acceptance of the water- 
cement ratio law, such a test can leave little room for argument as 
to the inherent quality of the mix. Due to the short time required 
to perform the test, corrections indicated by the test data can be 


*Assistant professor of structural engineering, University of Minnesota, Minneapolis. 
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applied before any great mass of concrete is placed. Its applica- 
tion would be of special value in quantitatively expressing the 
degree of uniformity obtained. 

About two years ago the writer had occasion to make some 
analyses of the composition of the concrete used in laying a 
wearing course in a large commercial building. While a different 
(and far more arduous) method was used, the data obtained may 
be of interest as an application of the general principle. 

The wearing course was laid by a patented process consisting 
essentially of placing a fluid mix, reducing the water content by 
an absorptive mat, and then mechanically consolidating the 
dried mix. Measurement of aggregate was by wheel barrows and 
water was added by pail. The mix was stated to be 1:1:2 by 
volume, the aggregates being washed sand and pea gravel. 

Samples were taken by placing flat galvanized pans side by side 
on the structural slab, the concrete being deposited over them in 
the usual fashion. One pan was lifted immediately after screeding 
and the second after the removal of the absorptive mat. Three 
samples each of the wet and dry mixes were taken per day for 
four days, the interval between sampling being about one hour. 

The concrete in each pan was thoroughly mixed and quartered 
to give two samples, each weighing 1000 g. One of these samples 
was used to determine the water content and the other to deter- 
mine the cement content. 

The water content was obtained by drying to constant weight, 
the quantity so obtained being corrected by the amount absorbed 
by the aggregates to give the effective water used in the calcula- 
tion of the water-cement ratios. 

The cement content was obtained by decantation, all washings 
being made by one man who was most particular in following the 
specified procedure to the letter. Laboratory tests of samples 
similar to those tested on the job but containing known quantities 
of cement showed that not all the cement was removed in this 
way, and that the per cent removed was somewhat different for 
the two brands of cement used. The method of calculating the 
quantity of cement can best be expressed algebraically in the 
following equation: 


C= Wit (We tn W3) 
p 
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in which C = cement in grams 


W, = weight of sample as taken 

W, = dry weight of sample after washing 

W; = weight of water removed from companion specimen 
p = ratio of cement removed to total cement as deter- 


mined by the laboratory tests. 

Sieve analyses were made on the materials from the stock piles 
and on the washed samples of the wet mixes. From these data, 
the proportions of fine aggregate to total aggregate were calculated 
from the respective fineness moduli. 

The data obtained are given graphically in Fig. 1. The hori- 
zontal scale is arbitrary and of no significance. The two lower 
graphs show the water-cement ratios for the mixes as placed, 
referred to as wet mixes, and those for the mixes after application 
of the absorptive mat, referred to as dry mixes. The variation 
in w/c ratio for the wet samples is marked, having as a maximum 
.89 and as a minimum .45. The low value for the 3rd sample of 
Dec. 20, appears to be abnormal and to result from the high 
cement content. Eight of the twelve determinations are between 
and .6. The w/c ratios for the dry mixes are much more uni- 
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form. The No. 2 specimen of Dec. 21 was taken from an area that 
was found to be too wet after the initial drying. Subsequent to 
taking this sample, the area was re-dried for a period of 40 
minutes before finishing. With this exception, the w/c ratios for 
the dry mixes lie approximately between .5 and .4. 


Assuming that no change in cement content results from the 
application of the drier and that the mix is homogeneous through- 
out the quantity required to cover the two adjacent sampling 
pans, then the percentage of cement determined from the wet 
samples should equal that determined from the dry samples. 
The three largest differences are 7.9% for No. 1 spec., Dec. 20, 
6.4% for No. 1 spec. and 3.7% for the No. 3 specimen, Dec. 23. 
It is likely that the determination for the No. 1 specimen of 
Dec. 20, is in error since this was the first one taken. The mean 
variations for all determinations including the first is 2.45%. 
Neglecting the first, it is 1.91% or expressed as a percentage of 
the cement content about 7%. The 6.4 variation expressed as a 
percentage of the cement content of the wet sample is 25%. It 
will be noted from the graphs that in the eleven double deter- 
minations the cement content for the dry mix is higher than that 
for the wet mix in 6 instances, equal in 3 and less in 2. This 
suggests that additional cement is added to the mix by the appli- 
cation of the drier. Observation of the process would also lead 
to this conclusion. Considering the possibilities of error and that 
the determinations were made in the field, the results are felt to 
be satisfactorily accurate. 


For a 1:1:2 mix by volume the calculated quantity of cement 
expressed as a percentage by weight of the total aggregate is 
29.5% and approximately 33 per cent when bulking due to mois- 
ture and loose measurement is taken into account. 


Abrasion tests and visual inspection of the wearing course 
showed that a very satisfactory surface was obtained, as would 
be expected from the low water-cement ratios of the dry mixes. 
Had Professor Dunagan’s method been available at the time these 


tests were made, the same data could have been obtained with 
much less labor. 
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BY H. Cc. Ross* 


IN THE past year experiments on the analysis of freshly mixed 
concrete were carried out in the laboratories of the Hydro Elec- 
tric Power Commission of Ontario. 


Two series of tests were made using materials sold commercially 
in Toronto. In the first series the samples were of such a size 
as to be within the capacity of the scales and graduates used in 
the laboratory and the method of test employed was that which 
has been given in Mr. Bertin’s discussion of Professor Dunagan’s 
paper. The results of these experiments are shown in the 
accompanying table. The second series of tests used larger 
samples and duplicated as nearly as possible conditions and 
equipment which would be encountered in the field. 

In the second series of tests the samples were large enough to 
be considered representative of the concrete taken from the mixer 
or from the forms. The total volume of concrete was found by 
immersing the sample in a large container of water, fitted with 
an overflow tube inserted in the side. The mixture was thor- 
oughly agitated to remove the air, and the overflow water allowed 
to collect in a separate container. The volume of this water, cal- 
culated from its unit weight gave the total volume of water in 
cubic feet. The rest of the experiment was carried out using the 
same procedure employed in the first series, except that the 
volumes of sand and stone were calculated from their dry weights 
and apparent specific gravities rather than by actual determina- 
tions. It was assumed that the specific gravities would not vary 
to any appreciable extent from day to day. The results obtained 
from these tests are shown with those of the first series. 


The results obtained in the second series approach closer to 
the actual proportions than do those of the first series, but it is 
probable that if larger samples had been used in the first series an 
equal degree of accuracy would have been obtained. 

The greatest objection to this method of determining the con- 
stituents of freshly mixed concrete is the time required to make a 
complete determination. In’ the second series, using samples 
weighing about eighteen pounds, the time required to make the 
test and to complete the calculations amounted to about two 


*Assistant Testing Engineer, Hydro Electric Power Commission of Ontario. 
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SEGREGATION TEST ON FRESHLY MIXED CONCRETE 


Original Experimental Determinations 

Propor- 
First Serves tions (1) (2) (3) (4) (5) 
Water, grams..... 26.8) 30.3 25.2 26.2 24.4 Zone 
Cement, grams.... 44.8) 41.4 47.0 44.0 49.5 45.9 
Sand, grams....... 128.0) 127-35)" 126574" 1295S 7 27 SL 28206 
Stone, grams...... 192.0) 192.6 | 192.7.) 192.2 | 19075 | 192.2 
Prop. by vol.......| 1:2.3:3.8] 1:2.5:4.1) 1:2.2:3.6] 1:2.4:3.9) 1:2.1:3.5} 1:2.3:3.7 
w/c ratio by wt.... .60 13 54 .60 .49 .56 


Second Series 


Water, ounces..... 20.2 21.6 19.9 18.0 20.1 20.4 
Cement, ounces.... 33.6] 33.1 33.4 35.7 34.2 34.6 
Sand, ounces...... 96.0} 98.01} 98.01 99.02} 96.5 96.0 
Stone, ounces..... 144.0) 144.04) 142.04] 141.04) 143.05) 142.79 
Prop. by vol.......| 1:2.3:3.8] 1:2.4:3.8] 1:2.4:3.8] 1:2.3:3.5) 1:2.3:3.7] 1:2.3:3.7 
W/C ratio by wt... .60 65 .60 50 59 .59 


and one-half hours. A large portion of the time was consumed in 
drying the aggregate after washing through the sieves. 


Although the results show that an approximate check, and at 
times an accurate check on the actual constituents of the mix 
can be obtained, they also show the possibility of wide variations 
in water-cement ratios which would give misleading information 
regarding the actual proportions of the mix. 


The accuracy of both Professor Dunagan’s method and of the 
second series of the Commission’s tests depends to a large extent 
upon the accuracy of the figures for specific gravity. Although 
our experience leads us to believe that for a given material 
the specific gravity would not vary sufficiently to cause serious 
errors, yet the possibility of such variations would make the use 
of this method somewhat hazardous. 


All of the methods proposed determine the amounts of water 
and cement by first finding the quantities of sand and stone either 
by calculation or by actual determination, and then subtracting 
these qualities from the total weight or volume of the sample. 
This means that all errors from these calculations or determina- 
tions will accumulate and appear in the figures for water and 
cement, the most important constituents of the mix. It is a 
question whether any method in which the determination of the 
water-cement ratio depends upon the degree of accuracy with 
which the rest of the constituents are determined will be found 
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satisfactory, and could be considered a dependable check on the 
actual proportions of the mix. 


BY GEORGE J. GRIESENAUER* 


I am at a disadvantage in offering discussion of Mr. Dunagan’s 
paper as I have not had the time nor are we equipped with the 
apparatus described to make the test. Mr. Dunagan, I believe, 
was with the group of men in the Portland Cement Association 
laboratory when I made a demonstration test of my method. He 
is probably more familiar with both methods than I am and could 
rate their comparative values. 

Mr. Dunagan states that Mr. R. L. Bertin of New York and 
Mr. W. I. Freel of Purdue University, have also worked on a 
method for the same purpose, namely to determine the amount of 
the different constituents in a sample of plastic concrete, especially 
the water and cement content. Their methods make use of the 
specific gravity of the different materials in the sample and from 
these the quantities of the different materials are found by calcu- 
lation. 

When it is remembered that all the equipment that is required 
to make the analysis by my method are No. 100 and No. 4 
sieves, a scale, a wash basin, a pail and a gas or electric plate, and 
that all of the many tests I have made have been made under 
crude arrangements, its simplicity is evident. And further, when 
the simplicity of the mathematics involved to obtain the results 
is realized, as indicated in my article in the Engineering News- 
Record of Nov. 28, 1928, this method becomes attractive indeed. 

I would not disparage any of these more recent investigations. 
Now that a way is known for unscrambling plastic concrete to 
determine its quality immediately instead of waiting for the com- 
pression test for that information, I welcome the thought and 
attention that is being given the subject. The idea, it seems to 
me, is so valuable that it is worth all of the thought and work 
necessary to make it so simple and practicable that we cannot 
afford not to use it. 

My method for making an analysis of plastic concrete, after 
obtaining a representative sample of about 10 to 15 pounds of the 
newly made concrete which has been put into a tightly sealed 


*Cement Tester, C. M. & St. P. and P. R. R. Co., Chicago. 
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receptacle (a friction top can is a convenient container) and set 


aside until ready to make the test is as follows: 

Weigh the package (sample and container) transfer the sample into a pail 
of about 3 gallon capacity, add water, stir and decant into another pail of 
about same size; repeat this washing until the cement, is all removed from the 
sand and gravel. Weigh the empty container. Let the pail containing the 
decantation stand for a few minutes; remove the sand and gravel from the 
pail onto a pad of several layers of newspaper; change the sand and gravel 
occasionally onto dry pads of newspaper to expedite the drying. 

Pour off the clear water from pail contaiing the cement. Set pail on gas 
plate burner to dry, cool and remove the cement from pail onto a pad of paper 
and pulverize with a round glass jar, roller pin fashion, and sieve through a 
No. 200 sieve. Repeat pulverizing the part remaining on the sieve until all 
lumps are pulverized, sieve and return residue on sieve to the sand and gravel. 

Screen the sand and gravel on a No. 4 screen, weigh as gravel the part 
remaining on screen. Sieve the sand on a No. 200 sieve. Add the amount 
which passed through sieve to the cement. Weigh as sand the amount retained 
on the sieve. Weigh the cement. 

From the net weight of the original sample subtract the combined weight 
of the cement, sand and gravel. The difference represents the amount of 
water the sample contained. 

Use the net weight of a sack of cement (94 lb.) to determine the factor to use 
to find the weight, in pounds, of water used per sack of cement. For example: 
Cement amounts to 2.0 lb.; water to 1.25 lb. Divide 94 by 2.0 equals 47.0, 
which is the factor to use. 47 x 1.25 equals 58.75 pounds of water, divided by 
8.33 equals 7.05 gallons of water per sack of cement. 

By referring to Abrams curve we find that 7.05 gallons of water per sack 
of cement produces concrete of 2,375 lb. at 28 days old. 

For computing the amount of sand and gravel, the factor 47 is likewise used. 

From the above it will be seen that the only apparatus required to make this 
test is a scale, a gas plate burner, No. 200 and No. 4 sieves and a couple of 3 
gallon pails. 

The time required to make the test depends on the time it takes to dry the 
materials, pulverize the cement and screen the materials. Under favorable 
conditions this should require less than an hour. I have not attempted to 
determine the minimum time this analysis could be made in. It has been my 
practice to do this work after supper in our basement and I have worked at it 
leisurely because I have enjoyed this work of unscrambling plastic concrete. 


BY W. I. FREEL* 


THE METHOD of determining the constituents of fresh concrete 
mixtures as outlined in the December issue of the JouRNAL is a 
very ingenious one. It eliminates the difficulties met by the 
author in seeking a practical solution to the problem. 


*Instructor in Civil Engineering, Purdue University 
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Mr. Dunagan says, “The resulting concrete has depended 
largely upon the skill and determination of the engineer in the 
execution of each of the above operations. Up to date he has 
had no way of directly checking the character or uniformity of 
his product, as placed in the forms, except to await the results of 
strength tests at some later period.” It is the belief of the author 
that it is not yet time to discard the strength tests usually made 
as a verification of the quality of the concrete placed on the job. 
Again Mr. Dunagan says, ‘“The inspector need not concern him- 
self with volume measurement or moisture determination, 
nor any of the details of how the most suitable mixture is obtained, 
but need only determine that the specified concrete had been 
placed in the forms and that correct curing procedure follows.”’ 
It will be some time before the details of obtaining the most 
suitable concrete mixture can be trusted to any except the best 
equipped and most conscientious of builders. 

Probably the best use of the method as outlined will be in 
securing data for the purpose of discovering facts about methods 
at present practiced in proportioning, mixing, transporting and 
placing concrete mixtures. 

During the spring of 1929 the following method of analyzing 
fresh concrete mixtures was outlined by the author in connection 
with the preparation of a graduate thesis under the direction of 
Dr. W. K. Hatt of Purdue University. 

The underlying principles of the method were pointed out by 
R. L. Bertin of the White Construction Co. in letters written to 
Dr. W. K. Hatt. during the progress of the preparation of the 
above thesis. 

FREEL’S METHOD OF ANALYZING A FRESH CONCRETE MIXTURE 

The method outlined below requires the use of a cylinder, the minimum 
capacity of which should be one-fourth of a cubic foot. The cylinder should 
be of steel of such a gage that rough handling will not distort its shape. The 
top should be faced off smooth enough for a piece of plate glass, with diameter 
slightly greater than the outside diameter of the cylinder, placed on the open 


end to have contact entirely around its circumference. It is necessary to 
have a weighing scale reading to one-tenth of a pound with a capacity con- 
sistent with that degree of accuracy. 

The method of test is as follows: 

Take a sample of the concrete from the form and puddle it into the container 
until the top surface of the concrete paste is above the faced rim. Force the 
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glass plate down on the concrete mixture in such a way as to exclude the air 
and excess concrete and weigh after the container is cleaned off on the outside. 


This measurement makes it possible for us to calculate the net weight of the 
known volume of the concrete in the cylinder. The sample is then washed 
over a:No. 4 sieve and a No. 100 sieve in such a way as not to lose any of the 
gravel or sand. This washing must be very carefully done. Of course, in 
washing the sand over the No. 100 sieve nearly all of the cement and some of 
the sand are washed through. After washing the aggregates the sand is 
placed into the container again, care being taken not to lose any of it. The 
measure is filled about two-thirds full of water and carefully stirred to remove 


Fig. 1 


the air. (There is considerable quantity of air entrained, even though the 
sand is wet). After removing the air, the cylinder is placed on a horizontal 
surface and filled with water until the meniscus has the desired convexity. 
The plate glass is again placed firmly on the cylinder, the cylinder wiped and 
weighed. This weight is the key to the absolute volume of sand retained on a 
No. 100 sieve. It may be explained in this way: Whenever one pound of 
water is displaced by the absolute volume of sand equivalent to the volume 
occupied by one pound of water, the total weight of the container, sand, and 
water is increased by a weight in pounds equal to the specific gravity of the sand 
minus one. Without removing the sand the coarse aggregate is added to the 
contents of the cylinder. (Not much difficulty is experienced with the air 
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clinging to the coarse aggregate). The measure again placed on a horizontal 
surface and the glass plate pushed down on the convex meniscus. The weight 
of the cylinder and its contents is taken again. Of course, in this case as in 
the previous one, the volume of the aggregate added can be calculated from 
the weight change and the specific gravity of the gravel. 


Having the volume of the concrete, the volume of the find sand, and the 
volume of the coarse aggregate (absolute volumes), we may find the volume of 
the cement water paste. Knowing the weight of the gravel, the weight of 
the sand, and the weight of the concrete, we can find by subtraction, the weight 
of the cement water paste. Knowing the weight and volume of the paste in 
the mixture and knowing ‘the specific gravity of the cement to be equal to 
3.1 (approximately), we can readily see how much cement and how much water 
there was originally in the mixture. One thing has been left out, that is, the 
consideration of the part of the sand lost in washing the sand over a 100 mesh 
screen. 

It is necessary in using this method of analysis to be able to have a sample of 
the sand used in the mixture. This sample is dried to constant'weight and passed 
over a 100 mesh screen. That part of the sand retained is weighed and that 
part that passes is weighed. The weight of the sand passing the 100 mesh 
screen is expressed as a ratio to the weight of sand retained. Before sub- 
tracting the volume of the sand from the volume of the container and betore 
subtracting the weight of the sand from the weight of the container, the volume 
and weight of the sand respectively should be multiplied by this ratio. 

It is necessary to perform a few auxiliary tests to aid us in our calculations. 


A sample of moist sand taken from the stock pile should be surface dried 
and the apparent specific gravity of it in that state determined by the use of 
the method outlined in ‘Tentative Method of Test for Field Determination of 
Approximate Apparent Specific Gravity of Fine Aggregate. Serial Designation: 
C68-27T, A. S. T. M.” 

From the gravel in the stock pile take a moist sample somewhat greater than 
one thousand grams, dry each piece with a damp cloth and find the apparent 
specific gravity of the surface dry gravel by measuring its displacement. 

This completes the tests necessary to the performance of the analysis. 

Of course, in using this method the results obtained must be 
assumed to be reasonably correct, for there is no way of checking 
them. The sample is only a very small part of the whole batch 
of concrete. A rough check on the constitution of the original 
batch may be obtained by reference to the proportions of the 
batch sampled. Of course, a single test on a batch of concrete is 
not enough. It will be necessary for us to obtain a sample from 
at least two parts of the batch. 

It is to be remembered that in measuring the ingredients of the 
mixture, weighing scales accurate to the nearest one-tenth of a 
pound are used. This is about as accurate a measurement as 
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one can expect to make in ordinary laboratories for the size of 
sample used. 

In verifying in the laboratory the method above suggested the 
author finds the following accuracy: 

1. From the correct amount of cement to 6.0% less than the 
correct amount. 

2. From the correct amount of sand to 4.5% more than the 
correct amount. 

3. From 1.5% less than the correct amount of gravel to 3.0% 
more than the correct amount. 

4. From 5.2% less than the correct. amount of water to 51.0% 
less than the correct amount. | 

In view of the variation found in performing tests very similar 
to those of Mr. Dunagan, the author wishes to point out that 
Mr. Dunagan may be a little over-confident when he ventures 
to establish the water-cement ratio by use of his test. 


Readers are referred to the JOURNAL for June 1930, to which this 
discussion ts continued. 


SHRINKAGE MEASUREMENTS oF ConcrEeTE Masonry* 


BY W. D. M. ALLANT 


Mr. Allan’s paper clearly indicates that concrete masonry 
units air cured after desired strength is obtained by moist 
curing, show less movement, pointing the way to reduction or 
elimination of cracking in concrete masonry walls of con- 
siderable area, caused by shrinkage of units laid up in a 
saturated or nearly saturated condition.—EDIToR. 


INTRODUCTION 


IN RECENT years there has been a rapidly increasing use of 
concrete masonry in larger buildings resulting in large wall areas 
of above grade construction. With these extended wall areas, the 
occurrence of extensive shrinkage after the application of the 
finish coat of stucco or plaster may cause the formation of 
unsightly plaster cracks. 

While the occurrence of plaster cracks in concrete masonry has 
been due mostly to faulty construction such as inadequate foot- 
ings or improper bonding between different types of masonry, 
there are instances where such cracking was caused by wall 
shrinkage. Preliminary studies have indicated that moisture 
content of the units at the time the wall is erected is an important 
factor affecting the shrinkage of the hardened concrete masonry 
wall. 


PURPOSE AND SCOPE 


The purpose of this investigation was to determine the rate and 
extent of shrinkage occurring in concrete masonry panels as 
affected by moisture content of the unit at the time the wall is 
laid. This report gives the preliminary results of these studies 
and has for its purpose the development of information on which 


*Presented at 26th Annual Convention, Feb. 1930. 
+Manager, Cement Products Bureau, Portland Cement Assn., Chicago. 
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to base recommendations which will aid in reducing or eliminat- 
ing the undesirable shrinkage. 

It is realized that this investigation will not determine to 
what extent a wall may shrink without causing plaster cracking, 
as this is also a function of the kind of plaster used, but will point 
the way to reducing the possibility of their occurrence, due to 
the shrinkage of the concrete masonry wall. 

This study includes the measurement of shrinkage on 24 
masonry panels, and compression and absorption tests on 72 
(8 x 8 x 16-in.) concrete masonry units. The units which were 
made with three different aggregates, (sand-gravel, haydite and 
cinders) were erected in panels and tested for strength and ab- 
sorption at the age of 2, 7, 28 and 90 days. 


MANUFACTURE OF BLOCK 


The 360 three-oval-core 8 x 8 x 16-in. concrete units used in 
this investigation were made in the laboratory of the Portland 
Cement Association, using an Anchor Junior Stripper Block 
machine. The concrete was mixed in a 3-cu: ft. Blystone paddle 
mixer using 0.40 sack batches producing from 6 to 8 block per 
batch. The materials for the individual batches were weighed 
separately and added to the mixer. Each batch was mixed one 
minute dry and five minutes wet. Water was added to produce 
the desired consistency, as indicated by the appearance of water 
web markings. The block were tamped twelve times, four 
tamps in each of three layers. Immediately after stripping, all 
vlock were moist-cured 48 hr. in a room where the temperature 
was maintained at 70° F. and the relative humidity was about 
100%. ‘The block were then stored in the laboratory in such a 
manner that air circulated around each individual unit until laid 
up in the wall panel at ages of 2, 7, 28 and 90 days after molding. 
In addition to the block used in the construction of the test 
panels, block were made for strength and absorption tests and 
to determine the rate of loss of moisture during the period of 
air-curing. 

Data of the different mixes are shown in Table 1: 


SHRINKAGE MEASUREMENTS 


The panels for shrinkage measurements were laid up as shown 
in Figs. 1 and 2 using a 1:1:6 portland cement-hydrated lime 
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TABLE 1 
Compressive Strength Moisture Content 
Mix | Block |Lb. per Sq. In. Gross % by Weight 
Aggregate by per Area 


Vol. | Sack | 94. | 7d. | 28d. | 90d. | 2d. | 7d. | 28d. | 90d. 


Elgin Sand- 
Gravel 1-9 22 | 780 | 960 /1400-|1480 | 5.3 | 3.2 | 1.110.8 
Haydite 1-5-5 | 20 | 460 | 700 | 990 |1060 |19.3 | 7.3 | 4.9 | 2.8 
(Damp 
loose) 
Cinders 1-7 17 | 240 | 440 | 690 | 770 |16.6 | 6.6 | 3.1 | 3.1 


mortar with mortar joints 3%-in. thick, the mortar covering the 
face shells and the end webs. The panels were built nine units 
high. The shrinkage was measured over eight units and seven 
mortar joints by means of gage plates placed on the floor and on 
top of the eighth unit. The gage plates were placed about 2 in. 
in from each end of the one unit wide panel. The bottom plates 
were equipped with two stainless steel plugs placed twelve inches 
on center and the top plates with adjustable round pointed stain- 
less steel screws which were fastened in position by means of 
thumb screws. Four sets of gage lines approximately 64.6 in. 
long were used for each panel. The gage lines were set while 
panels were being erected. Initial readings to determine the 
original length of the panel were made within 4% hr. after erection 
in all cases. Duplicate panels were made for each condition 
studied and the shrinkage plotted in Figs. 3 to 7 is based on the 
average of readings on eight gage lines, 4 each on two separate 
panels. Readings were made at daily intervals for the first 30 
days after erection and less frequently thereafter. The room in 
which the panels were erected was on the first floor of the build- 
ing. Temperature readings made when the panels were measured 
ranged from 69° and 82° F. Relative humidity readings made at 
the same time as the temperature readings showed a maximum 
of 77% and a minimum of 32% with an average relative humidity 
of 53%. The air conditions of the room were such as to simulate 
the exposure conditions of interior wall construction. 
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The measurements reported in this progress report continued 
from May through December, 1929. These include readings 
taken over a period of one to three months when the building was 


Fig. 1—PANEL DETAIL AND GAGE BAR 


steam heated for all panels. Measurements were made with an 
Ames .001 inch dial mounted on a 5-in. round steel rod of proper 
length, which was pointed on one end. The length of the rod was 


Shrinkage Measurements of Concrete Masonry 703 


Fig. 2—PANELS ERECTED FOR MEASUREMENT 


checked daily by means of a standard bar composed of a 2 by 2-in. 
steel channel fitted with ‘a similar gage points as those used on the 
panel. Corrections for temperature as affecting the gage length 
were not made due to the fact that the standard bar readings 
compensated for any differences in readings due to this factor. 
Shrinkage of the 1:1:6 mortar was considered to be constant for 
all panels. 

Effect of moisture content of units when laid on subsequent 
shrinkage. The panels for these measurements were erected with: 
2-day old units, saturated; 7-day old units cured 5 days in the 
air of the laboratory; 28-day old units air-cured 26 days; and 
90-day old units air-cured 88 days. Measurements were made 
on two panels for each age for each of the three aggregates studied 
—sand-gravel, haydite and cinders. The principal data and 
the more important relationships are plotted in Figs. 3 to 7. 


Shrinkage of sand-gravel panels. Fig. 3 shows shrinkage curves 
obtained from plotting the measurements of the sand-gravel 
panels for each of the four conditions studied. 
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The panels erected with saturated two-day old wnits containing 
5.3% moisture contracted at a fairly uniform rate for the first 
30 days reaching a stationary condition in about 48 days. The 
total shrinkage at that time was equivalent to about .51 in. per 
hundred feet of wall. This length remained unchanged until the 
panel was about 115 days old when the building was heated which 
caused a further shrinkage of approximately .05 in. in a period of 
15 days making a total shrinkage at 150 days of .56 in. per 100 ft. 


The panels erected with seven-day old units (air cured 5 days) 
contained 3.2% moisture at the time of erection. These panels 
contracted at a uniform rate for about 25 days with a stationary 
condition being reached in about 40 days with a shrinkage of 
about .35 in. per 100 ft. Further shrinkage similar to that ob- 
tained with the two-day panels occurred when the building was 
heated. Total shrinkage 150 days after erection was .42 in. per 
100 ft. 


Panels erected with 28-day old units (air-cured 26 days) con- 
taining 1.1% moisture contracted .10 in. in the first 15 days. At 
90 days the total contraction was .15 in. Further shrinkage at 
about the same rate and extent occurred when the building was 
heated, making a total contraction at 150 days of about .2 in. 
per 100 ft. 


The panel erected with 90-day old units contracted at a slightly 
slower rate for the first 15 days than the 28-day panel. Then 
further movement ceased until the heating of the building 
occurred when the panels were about thirty days old, causing a 
further contraction equal to .15 in. per 100 ft. at 60 days. After 
this period the length of the panel decreased slowly to .20 in. 
in 100 ft. at 150 days. 


A study of these curves indicates that the air curing of sand- 
gravel units for 5 days reduced the shrinkage occurring in the 
first 150 days to about 75% of that obtained with saturated 
units. Similarly, 26-day air curing and 88-day air curing reduced 
the shrinkage to about 35% of that obtained with the saturated 
units. 


Shrinkage of haydite masonry panels. Fig. 4 shows the shrink- 
age curves obtained from plotting the measurements of the 
Haydite panels for each of the four conditions studied. 
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The panels erected with saturated two-day old units contained 
19.3% moisture when laid up and contracted at a uniform rate 
for the first 45 days with a total shrinkage of about .54 in. per 
100 ft. of wall. This length remained unchanged until the panels 
were about 105 days old when the building was heated which 
caused a further shrinkage of approximately .10 in. in a period 
of about 20 days, making a total shrinkage at 150 days of about 
.67 in. per 100 ft. 


Seven-day old units (air cured 5 days) when laid up in a panel 
contained 7.3% moisture, contracted at a uniform rate for about 
30 days and had a total contraction during this period of about 
.35 in. They contracted slowly until 100 days old when further 
contraction was noted due to the heating of the building. Total 
shrinkage was equivalent to about .50 in. per 100 ft. at 150 days. 


The units for the 28-day old panels (air cured 26 days) when 
erected contained 4.9% moisture and contracted at a fairly 
uniform rate for 15 days with a total shrinkage of about .19 in. 
per 100 ft. No further shrinkage occurred until the panel was 
about 85 days old when it contracted another .10 in. due to the 
heating of the building. Total shrinkage for 150 days was .35 in. 
per 100 ft. 


The panels erected with 90-day-old units containing 2.8% 
moisture expanded slightly during the first two days when con- 
traction started and continued at a fairly uniform rate for about 
75 days. This long period of shrinkage was probably due to the 
influence of heating the building which occurred 15 days after 
erection. The total shrinkage during this period was .15 in. per 
100 ft. The length of the wall remained practically unchanged 
for the remaining period plotted, the total shrinkage being about 
.17 in. per 100 ft. for 150 days. 


A study of the curves in Fig. 4 indicates that the air curing of 
the Haydite units for five days reduced the shrinkage for the 150 
day period to about 75% of that obtained with saturated units. 
Similarly 26 days of air curing reduced the shrinkage to about 
half that obtained with the 2-day old saturated panel. Highty- 
eight days of air curing reduced the shrinkage to about 26% as 
much as the 2-day panel. 
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Shrinkage of cinder concrete masonry panels. Fig. 5 shows 
shrinkage curves obtained from plotting the measurements of 
the cinder masonry panels for each of the four conditions studied. 


Panels erected with saturated two-day old units containing 
16.6% moisture contracted at a uniform rate for about 28 days 
at which time the total contraction was .70 in. per 100 ft. 

The panels then remained stationary for a period of about 90 
days when further shrinkage occurred due to the heating of the 
building. This proceeded at a uniform rate for about 25 days 
and the total shrinkage at 150 days was about .95 in. per 100 ft. 

Shrinkage started immediately after erection of this panel 
built with seven-day old units containing 6.6% moisture. They 
contracted at a fairly uniform rate for 25 days with a total con- 
traction of about .63 in. per 100 ft. Shrinkage continued at a 
slower rate for the next 15 days with no further change until the 
building was heated. _ Then shrinkage proceeded slowly until 
the total contraction was about .98 in. per 100 ft. at 150 days. 


The panels built with 28-day-old units containing 3.1% mois- 
ture expanded slightly during the first five days after erection. 
Shrinkage then set in which continued at a uniform rate until 
the panel was about 20 days old; the total shrinkage at this time 
being about .19 in. per 100 ft. From this point onward the 
length remained stationary until the panel was 85 days old when 
further shrinkage occurred due to the heating of the building and 
continued until at 150 days the total shrinkage was about .39 
in. per 100 ft. 


Units for the panels erected at 90 days contained the same 
percentage of moisture as the 28-day-old panels. They contracted 
slightly during the first six days when the rate increased rapidly 
until the panel was 10 days old. having a total contraction of 
about .10 in. per 100 ft. Shrinkage then continued at a fairly 
uniform rate until the panel was about 35 days old when the 
rate was increased due to the heating of the building. A period 
of equilibrium was reached when the panel was about 90 days 
old and had contracted about .32 in. per 100 ft. The total con- 
traction at the end of 150 days remained .32 in. per 100 ft. 


A study of the shrinkage curves obtained with the cinder 
masonry panels indicates that a five-day air curing had little, if 
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Fic. 6—RELATION OF MOISTURE CONTENT TO SHRINKAGE 


any, effect upon the reduction of shrinkage of cinder concrete 
masonry. Both the two-day and seven-day panels shrank about 
the same extent which was equivalent to about .95 in. per 100 ft. 
The shrinkage of the 28-day and 90-day panels were fairly 
similar throughout the period and was about 37% of the shrink- 
age which occurred with the 2-day and 7-day panels. 


In Fig. 6 is shown the relation of moisture content of the unit 
in the panel, as measured by the moisture content of separate 
units stored in the same condition, to the shrinkage occurring in 
the panel. The values plotted are for the panels erected with 
units (saturated) at the age of two days for each of the three 
aggregates studied. 


Saturated units in the sand-gravel panels contained 5.3% 
moisture at the time of erection. The shrinkage of the panel 
followed closely the loss of moisture in the units. The rate 
increased rapidly as the air dry condition of the unit was ap- 
proached. After the air-dry condition was reached, further 
shrinkage practically ceased until the building was heated. 


For the haydite panel, similar studies show that the reduction 
in moisture content of 12% in five days by evaporation was ac- 
companied by a shrinkage in the panel of only .05 of an inch per 
hundred feet. From this period on, however, the shrinkage fol- 
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Fic. 7—EFFECT OF HIGH PRESSURE STEAM CURING ON SHRINKAGE 
OF CONCRETE MASONRY PANELS 


lowed closely the loss of moisture in the units until a room-dry 
condition was reached. The reason for the small amount of 
shrinkage caused by the loss of 12% of moisture from the satur- 
ated condition may be explained by the porous nature of the 
aggregate, the water being mechanically held in the aggregate 
and in excess to the absorption of the material in the unit. The 
cinder panel showed similar action to that of the haydite panel, 
shrinking only .03 of an inch with a loss of moisture content of 
10% in five days. After this period the shrinkage increased 
rapidly as the units approached a room-dry condition and prac- 
tically ceased after this condition was reached. 


A study of the three curves shows the influence of the moisture 
content of the unit on the shrinkage and emphasizes the necessity 
of having the units as near an air-dry condition as possible before 
they are laid in the wall. The loss of the last 2 or 3% of moisture 
was accompanied by the major portion of shrinkage occurring in 
the panels. 
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Effect of different methods of curing. In addition to the measure- 
ments made on the moist-cured specimens interesting compari- 
sons can be made of the effect of high pressure steam curing and 
moist-curing on the amount of shrinkage which will occur in the 
masonry wall. Shrinkage studies reported in a paper on ‘Some 
Tests of Concrete Masonry Units Cured with High Pressure 
Steam’”* which were made concurrently with the shrinkage 
studies reported in this paper show the following effects on high 
pressure steam curing on the shrinkage of a masonry wall. The 
three curves as plotted in Fig. 7 show that the maximum change 
for Panel No. 1 which was high pressure steam-cured for 12 
hours at 100 lb. steam pressure contracted .05 in. per 100 ft. for 
a period of 230 days. Panel No. 2 was erected with similarly 
cured units which were saturated just prior to erection and con- 
tracted approximately .22 in. per 100 ft., while the low pressure 
steam cured units cured in the usual manner in the steam tunnel 
contracted about .45 in. per 100 ft. of wall. 

When comparisons were made on the measurements of these 
three panels with those of Fig. 3 they clearly indicated that high 
pressure steam curing will greatly minimize the shrinkage occur- 
ring in a concrete masonry wall when laid in a moist condition. 


While these shrinkage studies were made on panels containing 
3 different aggregates, direct comparisons are not made because 
of the differences existing in the grading, moisture content at time 
of erection and cement content of the units made with these 
aggregates. 


SUMMARY 


The most outstanding indications from these studies to date 
are the following: 


(1) That the use of air-dry concrete masonry units in wall 
construction will reduce the shrinkage to 20-35% of that occurring 
when saturated units are used. 


(2) That the use of units which are only partially dry, con- 
taining 2 to 5% of moisture by weight, will result in the major 
amount of shrinkage which will occur in a concrete masonry 
wall. 


*P. M. Woodworth, Proceedings American Concrete Institute, Vol. 26, p. 504, (JouRNAL, 
Feb., 1930). 
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(3) For the conditions of air curing used in these studies, 26 
days of air curing was generally sufficient to obtain blocks that 
would result in the minimum amount of shrinkage when laid in 
the wall. 


RECOMMENDATIONS 


As the results of these tests indicate that the use of air dry 
units will practically eliminate wall cracking due to shrinkage of 
the concrete masonry unit, it is reeommended that the products 
manufacturer should, after the curing period which is necessary 
to develop the desired strength of the concrete, stock pile the 
units in such a manner that the air can circulate freely through 
them, preferably under cover. Precautions should also be taken 
to keep the units dry after they are delivered on the job. 


CONVENTION DISCUSSION 


C. M. Chapman, (New York): Do the data from these tests 
differentiate the shrinkage of the mortar joint from the shrinkage 
of the block itself? If separate measurements were made of the 
block, then perhaps by a little mathematics, we might determine 
the amount of shrinkage that took place in the mortar joint. 
There is undoubtedly a difference between the shrinkage one 
might get from masonry units, say of block size as compared 
with masonry unit of brick size. In the latter case the shrinkage 
of the mortar joint becomes many times more important. The 
re-expansion due to absorption from the mortar joint which is 
shown in some of those curves after ninety days, is in part due to 
the mortar giving up its moisture to the block. In the case of 
brick that would be equivalent to quite a high percentage of 
moisture, and consequently a greater relative expansion before 
shrinkage started in if the brick were fairly dry at time of laying. 
I have found several cases of rather serious trouble due to 
volume change of concrete, sand-lime, and ordinary clay brick 
in walls, and they were in chimneys where we do not like to 
have cracks occur. It would be very helpful if this same sort 
of work could be carried on for concrete brick masonry walls. 
I would suggest also that inasmuch as this investigation was con- 
fined to concrete block, that the title indicate, for the sake of 
accuracy, that it does not include all concrete masonry units, 


714. Journau or THE AMERICAN Concrete INsTITUTE—Proceedings 


Raymond E. Davis, (Berkeley, Cal.): I have listened to this 
paper with a good deal of interest inasmuch as I have, for the last 
several years, in one way and another, been connected with 
investigations having to do with volume changes in mortars and 
concretes. I am struck with the idea that, while knowing the 
shrinkage is a very desirable thing, we must know, for these 
particular units, something of the total volume change that they 
undergo between the two extremes; that is, not only will concrete, 
on drying out, shrink, but upon absorbing moisture, will also _ 
swell. And it would seem necessary, inasmuch as the block and 
concrete brick and all exterior construction, are subjected to 
weather conditions, that we should know something about the 
total volume change we may expect each one to undergo. So far 
as my observations extend, the aggregate itself seems to have a 
rather important bearing upon what the total volume change may 
be, even among our stone aggregates, being materially less, we 
will say, for limestone than for sandstone. I have in mind right 
now an incident that came to my attention in the last two 
months, when I was called in to examine a warehouse where the 
concrete was cracking very badly and some of the columns 
seemed to indicate that they were in tension instead of being in 
compression. The warehouse. was a one story structure with 
columns at intervals and spandel beams across the top supporting 
rather light roof loads, and in between the beams on the columns 
were blocks, and I examined the columns and found near the top 
of the Junction was a spandel beam. In each corner I found I 
could look in and see the steel, which seemed peculiar for a 
column inasmuch as we expect it will be a compression member. 
Upon further investigation, it appeared perfectly certain that 
what had happened was that the block in this panel had ex- 
panded upon exposure to the rain, its volume had increased to the 
point where it had actually stretched those columns through its 
pushing up against the spandel beam, stretched them to the point 
where the steel was in tension instead of compression, and had 
actually gone beyond the yield point. I cite that to emphasize 
what seems to me to be the need in units of this kind for providing 
for expansion and contraction by some sort of a plastic or yielding 
joint in a good many instances. With regard to what Mr. Chap- 
man has said, there is also a great difference depending upon the 
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mortar used in the joints, and I refer now particularly to brick 
walls. A brick wall or a brick pier, immediately after it is laid, 
instead of shrinking expands for a considerable period of time. 
That is true regardless of the mortar, whether it is a lean mortar 
or a rich mortar, cement, lime mortar or whether it contains some 
other admixture, but rich mortar expands more than lean 
mortar, and in those mortars containing a high magnesium lime, 
the expansion is much more than for those containing a high 
calcium lime. These continue to expand for a considerable time. 
Walls that have been under observation indicate that even in dry 
air with constant, fifty per cent relative humidity, which is fairly 
low, expansion continues for a year or more before they begin to 
shrink in dry air, but only in rare instances does the volume of 
that brick masonry become appreciably less than on the day it 
was laid, and when the rains come along and beat upon the 
house, the water runs into the joints and you get a considerable 
expansion. Just the day before I left, I was called into a con- 
ference in San Francisco to examine a twenty-five story building 
faced with terra cotta, in which there were possibly ten thousand 
cracks in the terra cotta due to the increase in the volume of 
masonry behind that terra cotta facing, due to the seepage of the 
water in through to the mortar joints, and it brings out again the 
importance of knowing something not only of what shrinkage 
occurs in the unit, but will occur with expansion upon the ab- 
sorption of moisture. 


P. H. Bates, (Washington): I remember in 1917 attending a 
meeting in this hotel of a group that was very much interested 
in the exterior of this hotel at that time. You will notice, as you 
come into the hotel, that one entrance, in fact the entire face of 
the sides of this hotel, is terra cotta, and if you have noticed 
particularly, you will notice that the terra cotta is pretty badly 
cracked. The meeting I attended in 1917 was the meeting of the 
National Terra Cotta Society, and the building was as badly 
cracked then as it is now, and of course, having the evidence right 
at hand, it was a matter of considerable discussion. At that time 
there were practically none of the so-called plastic mortars on the 
market. By. plastic mortar I mean something entirely different 
from portland cement or portland cement lime mortar—a 
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material largely organic, which is supposed to maintain its 
plasticity over a period of years. That was one item much dis- 
cussed at that time, the possibility: of developing a plastic mortar 
to be used at certain levels in the building by which the settlement 
stresses or this differential volume expansion of the back and 
front of the walls might be brought into equation. That has, in 
the case of a number of materials, become quite customary. For 
instance, if a terra cotta manufacturer can persuade the archi- 
tect, and he usually can, there are put in at various levels in terra 
cotta veneered buildings, a complete course of plastic mortar, 
and I think we will have to come to that in other types of masonry. 
Mr. Davis also called attention to the brick walls laid up with 
cement mortar. We have noticed this difference between mortars 
having different types of lime as a plasticiser. We are going to 
come, in due course, to look upon limes and not simply lime, 
as we are coming to look upon cements and not simply cement, 
for they have different properties; in masonry construction to 
obtain volume constantly, is a matter of extreme importance. 


Readers are referred to the JoURNAL for October, 1930, for dis- 
cusston which may develop. Such discussion should reach the 
Secretary by Sept. 1, 1930. 


THE TREATMENT OF Mono.uirHic ConcrETE SURFACES 
Report of Committee 403, Monolithic Concrete Surfaces 
BY N. C. JOHNSON, AUTHOR-CHAIRMAN* 


THE PRODUCTION of attractive and permanent surfaces on 
concrete constructions of all kinds has long been the keen desire 
of those who work in and with concrete. 

The subject is of importance, for the more it is studied, the 
more evident it becomes that the rightful future of cement and 
cement-concrete depend in appreciable measure upon evolving 
ways and means to produce surfaces of better initial character 
and more stability than we have had in the past. 

The subject is broad, for there is no branch or class of con- 
struction that it does not affect. To deal with it in the confines 
of a report is not easy, unless a simplification of the subject be 
made. 

As a first simplification, let there be no mental distinction made 
between concrete in one usage and concrete in another. That is, 
let us not think of buildings, or any other utility of concrete as 
being separate, dissimilar or different in character from any other 
usage insofar as the nature or character of concrete itself is con- 
cerned. . 

If this is done, it will thus be found that industrial floors and 
dams; bridge piers and ceilings; columns and roadways and 
other assumedly diverse and different concretes all bear a like 
relation one to another both in body and in surface; and that like 
“the Colonel’s Lady and Judy O’Grady”’ they all are “sisters 
under their skins.” 

It will at once be observed that this inclusive rearrangement of 
structures commonly assumed as different brings forward two 
general classifications of surface. These classifications are: (1) 


*Hool and Johnson, Engineers, New York City. 
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Form-cast surfaces of all kinds and (2) Top surfaces, such as 
roadways, floors and so on. 

For simplicity and clarity, form-cast surfaces will be considered, 
first and in more detail, both because they present special prob- 
lems and also because the nature, character and appearance of 
such surfaces is first in mind with most people when surfacing 
problems are thought of and discussed. 

In form-cast concretes the simplest thing we can hope for is a 
mere stripping of forms, with a finished article born of the same 
operation; and as this is one form of concrete surfaces com- 
mercially made and sold, let us first. examine: 


1—FoRrM-CAST SURFACES 


Form-Cast Surfaces, Pointed Up, but Unembellished and Without 
Covering, present some objectionable features, among which are: 

(a) The dull-gray and lifeless color of the form skin. 

This skin always is over-rich in cement and lacking in ag- 
gregate, both through spading and also because of the natural 
tendency of cement particles, heavy of themselves, and more agile 
than other particles because of their size, to go towards and con- 
centrate at the outer, or form surface of the concrete when it is 
placed. 

(b) The constant and resistless and never-ending action and 
reaction of this surface excess of cement with atmospheric 
moisture, with corresponding unfortunate volumetric and 
appearance changes with the progress of the years and the 
seasons. 

This holds true in all but a few localities, much advertised for 
their balmy climates of almost constant humidity. 

(c) The reproduction in this cement form-surface of irregular 
board lines and of imperfections in forms, such as grain and ends 
or butting edges of form parts. 

(d) Aggravation of the foregoing, caused (in all except steel 
form work) by the action of the intensely alkaline waters of the 
concrete combining with the resin of wood, to form expansive 
resinate of lime, thus expanding first the inner surface of the wood, 
and causing boards to warp outwardly from the concrete. 
(Fig. 1.) 

This, of course, produces dishings in the concrete which will 
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be considered further in the next and other divisions; and 
accentuates the board lines of all kinds in the finished concrete. 
In later life of forms, this same action produces brittleness of the 
wood, thus bringing about marrings in the handling and at times, 
the loss of a form and high costs by reason of short life. 

A further aggravation as above is produced in tongue and 
groove or shiplap form boards by the entry of grout and of 
alkaline waters into and between the tongue and the groove, 
thus gradually expanding and soon breaking off, with further 
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disfigurement of the concrete, of all such concrete surfaces as 
have contacted with these forms or parts of forms. (Fig. 2.) 

(e) Surface blemishes caused by pouring columns, pilasters, 
spandrels, curtain walls, etc., in sections and discontinuously, 
with little puddling, more or less spading and no overflow, leaving 
distinct pour lines and greater or less accumulations of muck or 
laitance at these points. 

(f) Surface blemishes caused by leaving steel against forms 
before placing concrete, then prying it backward from the forms 
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for a distance sufficient only to let “gravy” cover the steel, instead 
of properly bracing the steel in its designed place. 

This gives enough rusting not only to impair the value of the 
assumedly necessary steel, but also to spall off and to further 
disfigure by rust stains a surface that might otherwise be good 
enough for its location. 

(g) Disfigurements resulting from spalling, from the removal of 
tie wires and like minor patchings and from manhandling both 
concrete and forms in removing forms. 

The foregoing remarks are true as of the outward character 
distinguishing the majority of form-cast concrete. Steel forms 
bring mitigation of warping conditions as noted above for wood 
forms, but bring aggravations in others and do not alter the 
major problem. 

In the author’s belief, the problem of overcoming the difficulties 
above listed must be solved, for on its solving depends the right- 
ful place of the concrete art, which, of late years, has been losing 
ground in ‘percentage place in competition with other building 
materials. 


2—MEANS AND METHODS OF FIXING UP FORM-CAST SURFACES 


A careful reading of the foregoing will have made plain a certain 
emphasis upon the fact that form surfaces in reality are surfaces 
containing so large a proportion of cement and so little sand, and no 
stone, as to warrant considering them as cement surfaces only. 

This thought gives a third simplification of the general problem, 
for in actuality, it is not surfaces of concrete, but surfaces of almost 
pure cement which we desire to get away from. 


3—WASH AND FLOAT WORK 

Washing over these form surfaces with grout made of cement, 
water and greater or less quantities of fine sand and with or with- 
out floating, has been done for many years. 

Although this treatment has not proven all that could be de- 
sired, it is not unexpected that it persists to the present day, for 
theoretically, ‘It doesn’t cost anything.”’ 

Actually, it costs from 4 cts. to 8 ets. per sq. ft. But this would 
be of no moment as compared to the values conferred if this 
method gave to concrete acceptable and lasting surface values. 


oe 
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Unfortunately, it does not, nor does it confer clean-cut arrises, 
acceptable color or any distinction of texture, save and except 
that it is better, for a time, than the average form-cast surface. 


Mitigating against its success are the following factors: 


(1) The cement in the wash is as climatically alterable as is | 
the cement in the form skin. 


(2) The wash is a thin veneer at best, subject to peculiarly 
strong internal stresses, as from shrinkages, with changes of 
temperature and moisture. 


Fig. 3—A FORM-CAST SURFACE BEING POINTED UP, BUT 
UNEMBELLISHED IN ANY OTHER WAY 


This illustration is chosen to point out in somewhat exaggerated detail for 
clearness, the points mentioned in body of report. This is, however, far from 
a badly done job. ; 

These are tongue and groove boards, but narrower widths, while more ex- 
pensive, carry the same general characteristics. 


(3) The wash lying in the board-formed scallops (See Fig. 2) 
is a thin crescent, easily loosened and easily removed by the 


elements. 
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4—-AcCEPTABLE CONCRETE SURFACES AND THE ARGUMENT 
OF COSTS 


Yesterday, today and for many tomorrows the problem of 
producing acceptable surfaces on concrete will be subject to, 
hindered by and prevented in large measure by irresponsible 
statements that have as their big-calibre gun the dreaded and 
sacred name of ‘‘costs.’’ 


Fig. 4—BusH-HAMMERED CONCRETE 


Illustrating three characteristics—e. g., the lack of values of superficial 
bush-hammering, even though carefully done; the staining of float and wash 
work in a short while; and the appearance of irregular pour lines where the 
concrete is deficient in stone. 


There is a price at which work may be well done, a price at 
which it may be fairly done and a price at which only the sloppiest 
and most frowzy result can be furnished. ~ 
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5—BusH HAMMERING OR TOOLING OF CONCRETE SURFACES 


Many attempts have been made on large scale to prepare con- 
crete surfaces mechanically, to encounter the elements and the 
gaze of the world. 


If the concrete is of uniform quality, ete., in an actual rather 
than an opinionative sense, very good results can be obtained in 
this way, provided the work is done deeply enough to give 
texture. (Fig. 7.) 


If the concrete is irregular and lacking in actual quality, the 
result is poor to bad. (Fig. 4.) 


And the cost of such work varies from 15 cts. to 60 cts. per sq. 
ft. 


Fig. 5—D£EEP TOOLED CONCRETE 


An example of the advantages in texture produced by deep tooling, as 
contrasted with ordinary bush-hammering. Pour lines at arch haunches show 
through, but the whole surface, made up of light and heavy toolings in con- 
trast, is excellent. 


6—MACHINE GRINDING OF SURFACES 


Work of this character has been done to a relatively limited 
degree. Its proponents aver it to be successful. The writer has 
personal knowledge of only one machine-cut job, and as that 
concrete was highly irregular, varying from honeycomb to muck, 
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the result in this instance fell short of being either stone or 
concrete. ; 
The cost is stated to be around 12 cts. to 60 cts. per sq. ft. for 
thorough work. 
It seems to the writer, that given concrete of good quality, 
preferably with selected sand that would give color, and with 


careful placement, the process should lend itself admirably to 


many desired effects. 


7—HAND GRINDING OF SURFACES 


Hand grinding with carborundum has not, in the writer’s 
observation, been any sort of success. Where form marks are 
minor, it is easier. Where form marks are distinct and character- 
istic as in Fig. 2, the process becomes merely one of a wash-and- 
float value, with the carborundum hand stone functioning as the 
float. 


8—ACcID TREATMENTS OF CONCRETE SURFACES 


To remove j's-in. of cement surface by muriatic acid requires, 
by chemical valence, about 14-in. depth of pure acid. 

This makes difficult its successful use in sizable commercial 
work even aside from its staining effect where metal work is in 
contact with or adjacent to the concrete. 

The cost of using acid effectively is very high. Its use as a 
wash-over is ineffective as well as costly. Asa cleanser, it is good, 
but can hardly be considered as a true surface treatment or to be 
recommended for general construction contracts. . 


9—PAINTING CONCRETE SURFACES 


When properly primed with special primers, concrete has been 
and can be effectively painted. 

This subject is too complex to permit of brief treatment. The 
whole story does not lie in the use of an enamel or other non- 
saponifying paint. With saponifying oil paints, painting soon 
deteriorates. 


10—VENEERS OF MORTAR OR LIKE SUBSTANCES OVER 
FORM-CAST CONCRETE 


Veneers of appreciable thickness as distinguished from washes, 
give desirable distinction to form-cast concrete. 
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Such veneers may be of a wide variety of compositions. Prefer- 
ably, not less than 2 parts of sand or other aggregate shall be 
combined with one part of cement. If desired, color may be 
introduced, or a limited range of tints may be applied later. 

Veneers of appreciable thickness give opportunity not only for 
disguising the blemishes of form-cast concrete, but also give 
opportunity for the trueing of arrises, the introduction of texture 
and other characteristics that confer color, texture, vivacity and 
other desired characteristics to an otherwise drab surface. 


Fic. 6—AN ATTEMPT AT BOND 


An example of a hacked surface as an attempt at bond, with veneer forced 
off, in large measure, by efflorescence of the rich form surface left behind the 
veneer. 


The limiting value of veneers is their ability to bond per- 
manently with the form surface of the cast concrete. Experience 
has shown that although a cement mortar veneer may be applied 
to the form surface of concrete and although this veneer will stick 
throughout for a time—perhaps six months in a severe climate 
and a year or so in a milder climate—loosening and cracking 
inevitably occur, with possible scaling and loss of value, unless 
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means are taken to provide on the cast concrete, an adequate 
bonding surface before applying the veneer. 


11—BonpDING SURFACES FOR VENEERS OVER FORM-CAST 
SURFACES 


It is recognized that many claim a personal or organization 
ability to bond anything and everything to the form skin of con- 
crete. But others, on the contrary, disclaim such abilities. For 
the sake of the many who cannot do this stunt; among whom the 
writer is numbered, a few ways of providing a bonding surface are 
set down. 

First of all, roughness alone, while an advantage over form-skin 
surfaces, does not always suffice for permanent bond. The best 
bond is furnished by roughness plus an exposure of clean aggregate 
surfaces in profusion. 

Bush hammering, so often specified for bond, is, in its usual 
interpretation, a superficial disfigurement only. It rarely, if ever, 
provides a good bond. 

Cutting by hand tools or machine provides a better bond surface 
if deeply done, but too often cracks and pulverizes the aggregate 
in the doing.. It also is costly. 

Chemical surfacings seem thus far to give the maximum value 
at the least cost. These will be discussed more extensively in the 
next chapter. 

Acid washing for bond is usually ineffective and is unsuited for 
the average commercial job for the reasons before given. 


12—THE ECONOMIC ADVANTAGES OF VENEERED SURFACES 
OVER FORM-CAST CONCRETE 


It has been proven on more than one hundred and twelve 
millions of dollars worth of building construction, that it is more 
advantageous and more economical and permits a maximum of 
architectural expression and character to: 

(1) Provide all parts with adequate bonding surface. 

(2) Apply, either as precast units or as run-ornamentation, all 
cornices, belt courses, pilasters, sills, rustications, etc., in cement 
mortar compositions, applied directly on the bond-surfaced, 
form-cast concrete. 

(3) Apply the finishing-veneer, true to line, directly to the 
bond-surfaced concrete. 
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13—VENEERS ON FORM-CAST CONCRETE OTHER THAN 
CEMENT MORTARS 


Many architects and engineers prefer veneers other than 
cement-combinations as veneers on concrete. 

Space does not permit discussion of them in detail, but their 
advantages should not be overlooked. 


They may be listed in importance as follows: 
For exterior use: 
Brick alone, or brick with concrete 
Terra cotta or terra cotta with concrete 
Natural stone over concrete 
Cast stone over concrete 
Combinations as above and cast iron or aluminum 
spandrels, ete. 
For interior use: 
Cement plaster, lime plaster and gypsum plasters 

A strange fact is worth noting in this connection, i. e., no 
engineer and no architect will hesitate to spend money for any 
of the above materials to hide concrete, but few of them will 
spend sufficient money—say, in amount, 10% of the cost of 
any of the foregoing veneers—to supply a real surface in con- 
crete. 

The fault, in the writer’s mind, for this situation may be laid 
first, to lack of knowledge in the past; and second to the pro- 
pagandizing of concrete as a beast of burden alone, with a com- 
plete overlooking of its inherent and marvelous abilities that 
usually lie dormant and unappreciated and that suit concrete to 
be as and of itself a thoroughly artistic and acceptable surfacing 
material. 


14—-CHEMICAL SURFACINGS OF MONOLITHIC CONCRETE 

Chemical surfacings are playing an increasing part in getting 
away from this situation, yet without increasing the cost. 

Their primary function is getting rid of the objectionable and 
harmful cement form-skin by preventing its set, rather than by 
the other attempts to achieve the same ends that have been 
listed above. 

Chemical surfacings are applied in two major ways: 
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(1) By being painted in a varnish-like coat on forms before 
concrete is cast. 

(2) By being applied directly to concrete, as in top surface 
work, by means of a hand or power spray. This application is 
made before the concrete has hardened. 

These chemical surfacings are applied either to forms or to top 
surfaces in a layer that is perhaps 1/50th of an inch thick. This 
layer does not ‘“‘eat the cement” in the manner of acids, but reacts 
with a limited quantity of cement in its formative stage in much 
the same manner that gypsum does, when added to cement in the 
making. Without gypsum added at mills, as is well known, all 
cement would have a flash set. Gypsum holds it back, but does 
not impair it. Chemical surfacings react still further with a 
limited quantity of the surface cement. 

Whether for bond or appearance the cost of chemical surfaces 
runs from 21% cts. to 6 cts. inclusive of all labor and material. 
The exact cost is dependant on efficiency of operation, rather 
than on quantity cost. 


15—SoME EXAMPLES OF CHEMICAL SURFACING WORK 


Monolithic concrete, with aggregate exposed by stopping the 
setting of a surface layer of cement as above explained, takes on 
new character and value when this surface cement is gotten rid 
of and the better materials of concrete exposed. 

Treated in this way, concrete becomes a new material, open to 
a wide choice of textures, permitting a wide usage of colors and 
best of all, being no imitation of any other thing. 

Fig. 7 as an example of form-cast concrete, shows some uses 
of this sort of surfaces. 

Top surfaces of this kind on roads, pavements and path- 
ways never crack, peel, dust or scale, are cheap to construct, are 
non-glare and non-skid and any téxture, color appearance or 
combination of these may be obtained. 


16—BoNnD SURFACES 


Bond surfaces suited to any wage are a wide utility of chemical 
surfacings. Such bond surfaces never let go of the applied 
material, whatever its nature. 

No apologies are offered for this mention of chemical sur- 
facings. They originated with the writer, it is true, but no report 
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on surfaces would be complete without mention of them. They 

deserve recognition and are receiving it commercially in a wider 

and wider extension of their use. 
“CONCLUSION 


In this report, the endeavor has been to set down, in logical 
order, what is a known fact only, without praise, blame or parti- 
sanship. 

Possibly no mention of surfacing concrete and of concrete 
surfacings will ever, in our generation, be complete without the 
mention of Mr. John Earley and his specialized and individual 
work. Quite possibly, no one will ever approach Mr. Earley in 
his abilities in this field. ; 

None-the-less, the principles followed by Mr. Earley embody 
at least one of the principles herein set down—e. g., getting rid, 
always, of the form-skin of cement. And although few, if any of 
us, are willing to expend enough care and labor to equal Mr. 
Earley, we could do better than the past average and study this 
subject earnestly. 

BY N. L. DOE* 


Mr. JOHNSON’s report on the subject of ‘Treatment of Con- 
crete Surfaces’”’ has sounded a keynote to the industry which must 
not be ignored if concrete surfaces are to continue to hold their 
own. Mr. Johnson definitely states in article 138, that various 
veneers of other materials than concrete are applied to concrete 
structures at considerable expense on many different types of 
work, but that an engineer or architect hesitates to spend money 
to enable a real surface to be obtained in concrete. This situation 
has been developed to quite an extent recently in the building 
industry around New York. Much money is now being spent 
veneering concrete buildings with brick, terra cotta, stone, etc., 
simply because no concrete surface can be obtained which gives 
as lasting or as beautiful a surface as other veneers. Unless the 
concrete industry can develop concrete surfaces which can com- 
pete, both in the qualities of beauty and permanence with other 
materials, the concrete industry cannot hope to find their products 
specified for finished surfaces by prominent architects and 
engineers for the better class of work. 


Npeeity Superintendent, Turner Construction Co., New York City; critic member Com- 
mittee 403. 
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Mr. Johnson has had considerable experience and has de- 
veloped extensively, certain types of bonding materials and has 
had more experience regarding the application of cement mortar 
surfaces to rough concrete than any other members of Committee 
403. In article 12, Mr. Johnson has referred to this large ex- 
perience and presents a statement regarding the economical 
advantages of veneer surfaces over form cast concrete, which is 
the result of his own experience rather than the experience of the 
committee as a whole. From personal experience, it is impossible 
for the writer to state that the processes as discussed in article 12 
can be economically handled on general work or not. The 
readers of this paper must realize that these statements are almost 
entirely the result of Mr. Johnson’s personal observation. 


Readers are referred to the JouRNAL for November 1980, for 
discussion which may develop. Such discussion should reach the 
Secretary by Oct. 1, 1930. 


DEVELOPMENTS IN THE MANUFACTURE AND USE OF 


CONCRETE PIPE 
BY M. W. LOVING* 


Two GENERAL classes of concrete pipe are produced in this 
country—plain and reinforced. Plain concrete pipe was first 
manufactured in the United States with natural cement and fine 
aggregate in 1842. Specimens examined in recent years indicate 
that the concrete was placed in forms by the hand tamping 
method, utilizing a dry consistency of concrete which would 
permit the immediate removal of the forms. The design of the 
pipe included in most cases a flat base cast integrally with the 
pipe. In many cities, this old pipe has served in sewers, drains, 
etc., to the present day. The durability of the pipe has varied, 
depending on the care and ingenuity employed in its manufac- 
ture. The principal cause of failure was the use of an insufficient 
quantity of mixing water in the concrete which, together with 
inadequate curing, would not bring about complete hydration of 
the cement. Because this class of pipe was usually made with 
cement and fine aggregate, it was customarily referred to as 
“cement pipe.” 


Reinforced concrete pipe was first developed in France between 
1895 and 1900 and was introduced in this country in 1905. 
Some of this early pipe was fabricated with a comparatively dry 
mix of concrete, consisting of 1 part of portland cement, 2 parts 
of fine and 4 of coarse aggregate. In many cases, bank run aggre- 
gates were used, as was true of concrete used in other structures 
of that day. Later a wetter mix of concrete was employed. The 
pipe was cast in steel forms which consisted of an inner and outer 
casing with base rings and headers of cast iron, both of which 
formed the joint. The concrete used in reinforced concrete pipe 
was not materially different from that used in other structures. 


*Sec’y American Concrete Pipe Association 
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Consequently, such pipe has given good service for the principal 
reason that an adequate amount of mixing water was always 
‘used to hydrate the cement. Besides, the necessity for curing 
was not as important as in the case of the dry mixed, tamped, 
plain pipe. 


PLAIN CONCRETE PIPE 


Plain conerete pipe today is manufactured by machinery in 
diameters from 4 to 24 in. and larger. The necessity for quantity 
production has practically eliminated hand tamping or cast 
methods for this pipe. The minimum shell thickness for 4-in 
pipe is ;% in and 21 in. for 24-in. pipe. Consequently, the con- 
crete must be placed under great pressure in order that the pipe 
meet rigid specification requirements. Two general classes of 
machinery are employed, operating on the packerhead and tamp- 
ing principles. 

The packerhead machines, by means of wing packers and a 
revolving, troweling head, press the concrete outward against an 
outer form. The outer form, which remains stationary, with its 
greater frictional area, causes the concrete, as it is fed auto- 
matically into the form in thin layers, to remain stationary. 
The packers work outward and up and the machine must be 
adjusted so that the concrete is not fed into the form too rapidly. 
Otherwise, seams or rock pockets will appear in the finished pipe 
and the concrete may ‘‘climb”’ ahead of the packer with the same 
results. Concrete of semi-dry consistency is used, allowing 
removal of forms as soon as the pipe, in its form, is placed in the 
curing room. If too much mixing water has been used, the pipe 
will warp or collapse on removal of the form. If not enough water 
has been used, the distinct web-like markings on the exterior 
surface of the pipe will not appear. 

Machines operating on the tamping principle consist of a 
stationary core which also trowel the inner surface of the pipe, 
and an outer casing which revolves as concrete of semi-dry con- 
sistency is fed automatically into the form. The greater surface 
and frictional area of the outer form causes the concrete, which is 
tamped uniformly in thin layers, to revolve about the inner core. 
If the concrete is fed too rapidly, seams and rock pockets will 
appear in the finished pipe. When the pipe is finished, the inner 
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core is elevated and removed by an automatic device and the new 
pipe in the outer form is conveyed to the curing room and the form 
removed at once. 

Miz and Gradation of Concrete. Gradation of the mix of con- 
crete is dependent on the size of pipe manufactured. In 6-in. 
pipe, the coarse aggregate used seldom exceeds a 3¢-in. maximum, 
while in 24-in. pipe, 34-in. coarse aggregate is often employed. 


Fic. 1—Mo.ps, PACKERHEAD—INCLUDING WING PACKERS, TROW- 

ELING HEAD AND BELL PACKER. BOTH PLAIN AND REINFORCED 

PIPE WITH DIFFERENT TYPES OF JOINTS ARE PRODUCED BY THIS 
PROCESS 


Since plain concrete pipe is made to meet the requirements of the 
Standard Specifications for Cement-Concrete Sewer Pipe of the 
American Society for Testing Materials, the manufacturer has 
to pay strict attention to the quality and gradation of aggre- 
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gates for each diameter of pipe. Three tests are required—the 
strength test (external loading), the absorption test (5-hr. boil) 
and the internal hydrostatic pressure test (percolation). The 
more coarse aggregate used, the greater the strength and the 


s 


Fig. 2—MULTIPLE TAMPERS EMPLOYED IN THE MANUFACTURE OF 
DOUBLE LINE REINFORCED CONCRETE PIPE. IN THIS ILLUSTRATION, 
THE STEEL CAGES WERE RAISED FOR THE PHOTOGRAPH. REIN- 
FORCED AND PLAIN CONCRETE PIPE WITH DIFFERENT TYPES OF 
JOINTS ARE PRODUCED BY THE TAMPING PROCESS. 


lower the absorption. Unless the grading of the aggregate is 
carefully worked out and the concrete mixed for a sufficient length 
of time, the pipe may fail to meet the percolation test because 
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water often percolates through crevices among the coarse aggre- 
gate. ' 

To meet the three tests, the manufacturer must test the pipe 
at frequent intervals and experience will enable a manufacturer 
to produce pipe of unusual strength and density. A minimum 
absorption of 8 per cent is required. In the percolation test, the 
pipe must withstand without leakage, 5 lb. per sq. in. for 5 min., 
10 lb. for 10 min., and 15 lb. for 15 min. The strength test per 
foot increases with the diameter of pipe. i 


Fig. 3—ANOTHER TYPE OF TAMPING MACHINE FOR THE MANUFAC- 
TURE OF REINFORCED CONCRETE PIPE IN DIAMETERS PRINCIPALLY 
FROM 24 TO 60 INCHES. PIPE WITH BOTH DOUBLE AND SINGLE LINE 
REINFORCEMENT IS FABRICATED WITH THIS TYPE OF MACHINERY. 


It is customary to exceed specification requirements and in 
many cases, 6-inch plain concrete pipe with a shell thickness of 
only 34-in. will withstand from 50 to 100 lb. per square inch 
internal hydrostatic pressure without percolation of water 
through the thin shell. This applies to pipe made by either the 
packerhead or tamping process and shows what results are 
obtained by the use of only portland cement, fine and coarse 
aggregate and water. 
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Curing. Curing is of the utmost importance for pipe made by 
the tamping or packerhead processes. Hither steam or water- 
spray ora combination of both is employed, depending on climatic 
and economic conditions. Plants operating in cold climates use 
steam in winter and water spray insummer. The only advantage 
of steam curing over water spray is the higher temperature, 
which accelerates the hardening of the concrete. Curing rooms 
are arranged so that air currents cannot circulate within them 
and the time of steam or water spray curing at a given tem- 
perature varies from 48 to 72 hours or until the tests show that 
the pipe will meet the specification requirements after it has been 
seasoned in the storage yard. 


USES 


Sewers. Plain concrete pipe is extensively used for the con- 
struction of sanitary, combined and storm sewers in many cities 
of the United States and Canada. Portland cement mortar is 
generally used for making the joints and experience has shown 
that with a reasonable amount of care on the part of the pipe 
layer, the joints can be made watertight to prevent leakage, 
infiltration and the entrance of tree roots into the finished line. 
Other types of jointing materials are used where preferred or 
specified by the engineers. 

Drainage. Concrete drain tile, which is required to meet the 
Standard Specifications for Drain Tile of the American Society 
for Testing Materials, has been and is extensively used for farm 
drainage, as well as the under-drainage of highways. No pro- 
visions are made for joints in drain tile since they are left open 
to facilitate infiltration. 

Irrigation. Vast quantities of concrete pipe are used for the 
irrigation of land, principally in California, Washington, Oregon, 
Colorado, Texas and recently in Florida. There are no national 
specifications covering pipe for this purpose. It is produced, 
however, to comply with the A. 8. T. M. standard specifications 
for plain concrete sewer pipe but, generally speaking, more atten- 
tion is paid to the internal hydrostatic pressure test than the 
other two tests required for sewer pipe. The joints for irrigation 
pipe are of the special bevel type, even in the very small sizes. 
The joints are made with portland cement mortar and bonded 
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with the same material. The consistency of the mortar is com- 
paratively wet—so the mortar will adhere to the joint when 
troweled. By careful laying and backfilling, a pipe line so made 
will withstand at the joints the same pressures as required for 
the barrel of the pipe. 

Culverts. Plain concrete pipe is used for culverts to a limited 
extent in the smaller sizes 12 in. to 24 in. and is made to meet, 
or exceed, the A. 8. T. M. requirements for plain concrete sewer 
pipe. The walls are generally thicker and approximately the 
same as for reinforced concrete pipe, described below. 

Electrical Conduit. Plain concrete pipe is produced and used 
on a very large scale in Chicago and vicinity for the construction 
of electrical conduits. These pipe are made by the packerhead 
process in 3-ft. lengths and diameters of approximately 4 in. 
When the pipe are laid in batteries, a metal band or sleeve is 
placed over the joints and the pipe lines are spaced so that the 
proper thickness of monolithic concrete encasement can be made. 
This pipe is also produced and used in the San Francisco district 
of California by electrical companies, and elsewhere. 


REINFORCED CONCRETE PIPE 


Reinforced concrete pipe is manufactured today by three 
general processes—cast, machine and centrifugal. 

Cast Process. Forms for reinforced concrete pipe produced by 
the cast process consist of steel inner and outer casings, headers 
and base rings which form the joints. Diameters from 24 to 
108 ins. in lengths of 4, 5, 6, 8 and 12 ft. and longer are produced 
by this method. The concrete used varies from a quaky con- 
sistency to comparatively dry mixes. Mixes from 1:2:4 to 1:114:2 
are used, depending on service and test requirements. Concrete 
of dry consistency is placed either by jolting the form as it is 
filled or by the use of electric vibrators, Where the wetter con- 
sistencies are used, the concrete is carefully spaded in thin layers. 

Ordinarily the pipe is made in the presence of an inspector 
representing the user. Cylinders are made and cured under 
identical conditions with the pipe and tested. This, together 
with an accurate check of the amount and placement of steel 
reinforcement, constitutes the main program of inspection. Pipe 
are sometimes tested for external loading. 
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Machine Process. Reinforced concrete pipe is produced by 
the tamping machines in diameters from 12 in. to 60 in. and by 
the packer-head process from 12 in. to 30 in. 

For the larger pipe, there is another type of tamping machine. 
A form consisting of an inner and outer casing revolves on a 
platform and concrete of semi-dry consistency is tamped in thin 
layers. The finished pipe in the form is removed from the machine 
to the curing room, where both the inner and outer casings are 


Fig. 4—MANUFACTURING 72-INCH REINFORCED SUBAQUEOUS 

PIPE BY THE CAST PROCESS FOR THE CLEVELAND, OHIO, OUTFALL 

IN 1916. THESE PIPE WERE 18 FEET LONG. THE 84-INCH PIPE 
FOR THIS OUTFALL WAS 20 FEET LONG 


removed at once and re-used. In some of the larger pipe, it is 
necessary to extract the inner core before the pipe is placed in the 
curing rooms. 

Pipe is made by machine in diameters from 12 to 60 in. and 
larger and in lengths of 3, 4 and 6 ft. 

Centrifugal Process. This process has been used for many 
years, principally in Australia, South Africa, New Zealand, 
England, Germany and France and was introduced in this 


‘ 
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country and Canada since 1920. Concrete is automatically fed 
into forms consisting of an outer casing which revolves (horizon- 
tally) at various peripheral speeds, slow at first and increasing after 
the form is filled. Lateral movement of the concrete is prevented 
by the use of end rings which also form the joint. If too wet a mix 
is used, separation of the coarse aggregate may result, particu- 
larly if the particles vary in specific gravity. This will cause 
roughness of the interior surface of the pipe. The centrifugal 


Fic. 5—M ANUFACTURING REINFORCED CONCRETE SEWER PIPE BY 
THE CAST PROCESS, UTILIZING ELECTRIC VIBRATORS. PORTABLE 
POWER UNIT SHOWN AT LEFT 


action expels excess water and light materials in the form of 
slurry. 

Several methods are used for finishing the interior surface of 
the pipe and in some cases, means are provided for compacting 
the concrete during the spinning operation. 

The forms for centrifugal pipe are of two principal classes— 
solid and in sections. In the sectional form, the finished pipe 
is generally steam cured to accelerate the hardening of the con- 
crete so that the form can be re-used. The form is removed by 
releasing the locks holding the sections. 


The solid form in some cases has an internal diameter slightly 
greater at one end than at the other; others have uniform diam- 
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eters. The interior surface of the form before use is coated with 
a thin layer of paraffin, wax or a similar material, which is allowed 
to harden. The concrete is then placed as described above and 
the form, with the finished pipe, is steam cured. The paraffin 
or wax melts, is later reclaimed, and the pipe removed from the 
form with comparative ease. 


Steel Reinforcement. Steel reinforcement consists of wire 
which meets the requirements of the current specifications for 
cold-drawn steel wire for concrete reinforcement of the American 


Fig. 6—MANUFACTURING REINFORCED CONCRETE PIPE BY THE 
CENTRIFUGAL PROCESS, IN WHICH SECTIONAL MOLDS ARE USED 


Society for Testing Materials or of bars which meet the require- 
ments of the current standard specifications for billet-steel for 
concrete reinforcement bars of the American Society for Testing 
Materials. Each line of circumferential reinforcement is assem- 
bled into a cage and must have sufficient longitudinal bars or 
members extending through the barrel of the pipe to afford 
rigidity and maintain the reinforcement in exact shape and cor- 
rect position within the form. 


742 JOURNAL OF THE AMERICAN CONCRETE INsTITUTE—Proceedings 


When a single line of circular reinforcement is used in circular 
pipe, it is placed approximately 1 inch from the inner surface. 
When two lines of reinforcement are used in circular pipe, one 
is placed approximately 1 inch from the inner and outer surfaces 
respectively. When a single line of elliptical reinforcement is 
used in circular pipe or a single line of circular reinforcement is 
used in elliptical or oval pipe, it is placed approximately 1 inch 
from the outer surface at the springing line (horizontal line 
through the center) and approximately 1 inch from the inner 


Fic. 7—SoLiD MOLDS ARE USED IN THIS CENTRIFUGAL PROCESS 
FOR MANUFACTURING CONCRETE PIPE. A TROWELING AND COM- 
PACTING DEVICE IS ALSO EMPLOYED 


surface at the crown and invert. This description applies to pipe 
when laid. It is necessary when elliptical reinforcement has been 
used to designate by markings on the surface of the pipe the 
correct position when laid. 

The circumferential steel members must be lapped at least 30 
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diameters or if welded, are required to develop the full strength 
of the wire. 

Spiral wound cages are fabricated on special machines for 
both elliptical and circular reinforcement. The longitudinal 
members are either securely tied or are spot-welded. 


USES 


Sewers. Reinforced concrete pipe is extensively used for the 
construction of sanitary, combined and storm sewers from 24 
to 108 in. internal diameter. Pipe is produced by the processes 
just described to comply with the Tentative Standard Specifica- 


Fig. 8—PRECISE METHODS USED FOR PLACING STEEL REINFORCE- 
MENT IN CONCRETE PIPE 


tions for Reinforced Concrete Sewer Pipe of the American Con- 
crete Institute. These specifications cover pipe from 24 to 72 
in. inclusive and in the sizes 78 to 108 in., manufacturers’ or 
special specifications are complied with. A number of different 
types of joints are employed and it is customary, owing to the 
difficulty of describing these joints, simply to specify the engi- 
neering requirements for the joint. The following is quoted as 
typical from the specifications for reinforced concrete sewer pipe 
of the American Concrete Institute: 


744 JouRNAL OF THE AMERICAN CONCRETE INSTITUTE—Proceedings 


The ends of the reinforced concrete pipe shall be so formed that when the 
pipe are laid together and the joints cemented, they shall make a continuous 
and uniform line of pipe with a smooth and regular interior surface. The 
joints shall be of such a design that when cemented they will prevent leakage 
and infiltration as well as appreciable irregularities in the flow line of the sewer. 


Culverts. Reinforced concrete pipe has been and is used on a 
large scale by the principal railroads and state and county high- 
way departments of this country for the construction of culverts. 
It is made in standard sizes from 12 in. to 84 in. and in lengths of 
3, 4, 6 and 8 ft. 


The research work by Prof. A. N. Talbot of the University of 
Illinois, described in Bulletin 22 entitled ‘‘Tests of Cast-Iron 
and Reinforced Concrete Culvert Pipe,” published in 1908, was 
sponsored by five of the principal railroads of the middle west. 
This formed the basis for the development of reinforced concrete 
pipe for culvert and sewer construction in this country. 


In 1919, the Joint Concrete Culvert Pipe Committee was 
organized., The personnel of the committee consisted of two 
representatives each from the following organizations: American 
Society for Testing Materials; Bureau of Public Roads, U. S. 
Department of Agriculture; American Society of Civil Engineers; 
American Association of State Highway Officials; American 
Railway Engineering Association; American Concrete Institute; 
American Concrete Pipe Association. 

At the outset, the committee found that there was little 
known with reference to the actual loads to which culverts are 
subjected. An investigation of this subject had been inaugurated 
at Iowa State College, under the direction of Dean Anson Marston, 
chairman of the committee, and the committee encouraged the 
vigorous prosecution of that work so that results could be used 
in connection with the development of specifications for rein- 
forced concrete culvert pipe. Two progress reports on this 
investigation were submitted to the committee and the data 
were of great value in the determination of loads for which culvert 
pipe should be designed. Besides, a considerable amount of data 
from tests of pipe and from experience in the use of pipe was 
furnished by members of the committee and by manufacturers 
of pipe and engineers who had installed the pipe or observed its 
behavior in embankments. The first progress report of the com-- 
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mittee was issued in 1926 and it was the general opinion of many 
of the manufacturers that the steel specified was excessive. 
Consequently, 167 standard sections of concrete pipe, varying in 
diameter from 12 to 60 in. were manufactured in the presence of 
and tested approximately 28 days later by a special representa- 
tive of the Joint Committee. These tests showed that pipe of a 
specified strength could be made with less circumferential rein- 
forcement than was required by the specifications in the 1926 
report. Two standard classes of pipe are included in the 1928 
specifications,* known as standard reinforced concrete culvert 
pipe and extra strength reinforced concrete culvert pipe. The 
work of the Committee was conducted on a high engineering 
plane and the research work included a considerable financial 
outlay. 

Irrigation. The United States Reclamation Service has used 
reinforced concrete pipe on an extensive scale for the construc- 
tion of irrigation lines. This likewise applies to many individual 
land developments in the states mentioned where plain concrete 
pipe has been used for this purpose. 

It is customary with reinforced concrete pipe to figure the 
working stress of steel reinforcement at approximately 12,000 
lb. per sq. in., the tensile strength of the concrete being con- 
sidered as an additional factor of safety. A number of irrigation 
lines have been constructed where internal hydrostatic pressures 
up to 100 lb. per sq. in. are provided. This subject is discussed 
in detail in Bulletin 852 entitled ‘““The Flow of Water in Concrete 
Pipe,’ published by the U. 8. Bureau of Public Roads in 1920. 

Water Supply. In the construction of modern and efficient 
aqueducts, generally of the diameters above 24 in., reinforced 
concrete pipe is today extensively used. The steel reinforcement 
is generally designed on the same basis as for irrigation pipe and 
where excessive pressures are encountered, a steel core is placed 
within the pipe and additional reinforcement is provided for, in 
the form of circumferential bars, steel fabric or spirally wound 
cages. Some of this special pipe has been used in this country in 
pipe lines where the working pressure is up to 195 lb. per sq. in. 

Pipe for water supply is generally of the longer lengths, from 
8 to 12 ft., to minimize joints. Rigid leakage requirements are 


*Proceedings American Concrete Institute Vol. 25, p. 608. 
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complied with on final tests of the concrete pipe aqueducts. 
It is generally conceded that dense and impermeable concrete 
should be used for this service. 

Force Mains. A number of sewer force mains have been 
built of reinforced concrete pipe, which are designed and con- 
structed under the same principles as for water supply lines. 
The majority of sewerage systems are designed for gravity flows 
only but examinations of sewers indicate that in many cases, the 
lines operate under pressure during severe storms and particularly 
where sewers are overloaded. 

The steel reinforcement of concrete pipe for gravity lines is 
designed for external loading and is adequate for resisting com- 
paratively high internal hydrostatic pressures. 

Subaqueous Construction. Where sewers are to be constructed 
under water for discharging sewage some distance from the shore 
to assure adequate dilution with the water or where intakes for 
water supply systems are similarly constructed, reinforced con- 
crete pipe is extensively used. 

Such pipe is generally built in long lengths, from 12 to 20 ft., 
and special joints are usually provided to simplify the operation 
of making joints under water, which is always very difficult. 
This construction requires special knowledge and experience and 
where the joints have been properly made, these lines have given 
first class service. 

Since reinforced concrete pipe for this service is usually made 
with a dense and impermeable class of concrete and is cured and 
seasoned for an adequate period, it is an excellent type of con- 
struction for this work, particularly in sea water. 

The steel reinforcement is usually placed with an adequate 
coverage of concrete so as to prevent corrosion of the steel. In 
Vancouver, B. C., in 1922, 66-in. reinforced concrete pipe was 
used in the construction of a large pier. The pipe was first 
sunk as caissons and later filled with monolithic concrete. The 
piers were examined by the writer in the fall of 1927 and were 
found to be in excellent physical condition. 


CONDITION SURVEY 


In 1929, more than 191 reinforced concrete pipe sewers were 
examined in 43 cities and large industrial plants in the United 
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States. The sewers varied from 24 to 108 in. internal diameter. 

Sewers were examined and the data listed on printed forms by 
selected men representing the concrete pipe industry. In prac- 
tically every case, an engineer or inspector representing the city 
or industrial plant accompanied these inspectors. In planning 
and carrying out the survey, a special effort was made to collect 
data thoroughly representative of service conditions. 

These data have been tabulated and are being studied by a 
special committee which has under preparation standard specifi- 
cations for reinforced concrete sewer pipe. Fourteen reinforced 
concrete pipe sewers were examined in the steel plants in the 
Pittsburgh district of Pennsylvania and six reinforced concrete 
pipe sewers in the steel plants of the Gary district of Indiana. 
One of these sewers had been in service since 1910, when the steel 
plant was built. Of the twenty sewers examined, which varied 
from 36 in. to 84 in. internal diameter, no concrete was found to 
have disintegrated. 


Readers are referred to the JouRNAL for November 1930 for 
discussion which may develop. Such discussion should reach the 
Secretary by Oct. 1, 1930. 


Frre DAMAGE To AND REPAIR OF A CONCRETE 


Factory BUILDING 
BY JOHN G. AHLERS* 


A FIve story reinforced concrete factory was exposed March 3, 
1929, to intense fire originating in an adjoining frame auditorium 
and amusement hall. The concrete building was occupied by the 
Bronx Drug Co., and used as a packing, manufacturing and 
distributing warehouse. The prevailing wind and draft created 
by the fire forced the flames and heat against the solid five-story 
concrete wall and drove around the corner of the building where 
it formed an eddy or blast, melting the wire glass and steel sash, 
letting the fire into the building and starting an intense com- 
bustion of the contents. 

The contents of the fourth floor, where the fire entered, con- 
sisted of wooden packing cases, a large quantity of alcohol in 
bottles, inflammable chemicals and other highly combustible 
materials. 

The hot blast, sucked around the corner of the building, also 
heated steel shutters on the lower three floors to a point where 
they were at a red heat, but the double protection of steel 
shutters and sash with wire glass prevented the fire from entering 
the lower floors. The fire was practically confined to the fourth 
floor, and the interior serious structural damage to the building 
was also mostly confined to this one floor, with some small damage 
to the fifth and third floors and minor destruction of the exterior 
concrete surface. 

The fire was interesting to the concrete industry for the 
following reasons: ; 

(1) The fire entered the building from the exterior by fusion of wire glass and 
steel sash. 
(2) Damage to the structure was done by: 
Spalling of concrete. 
Overloading of heated slab. 


*Secretary and Treasurer, Barney-Ahlers Construction Corporation, New York City. 
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Expansion of steel in concrete. 
Fusion of glass and steel. 

An estimate of the intensity of the heat can only be arrived at 
by judging the temperature necessary to fuse the glass and have 
it run down, taking the shape of icicles. This is estimated from 
data on melting point of glass, assuming a probable period of two 


Fic. 1—VIEW TOWARDS CORNER FIFTH FLOOR; SASH BUCKLED AND 
WIRE GLASS CRACKED. THE BRIGHT SPOT IS THE POINT OF ENTRY 
OF FIRE ON THIS FLOOR 


hours, to have reached the temperature of 550° C. The fire 
started between 2 and 3 a. m. and did not break into the concrete 
building until between 5 and 6 a. m. 

The damage done to the exterior of the corner column by the 
flames and the blast, is indicated in Fig. 5. Likewise the spalling 
of the interior columns and the deflection and expansion of the 
slab are shown in Figs. 6 and 7. 

The condition of the structure was such that the Fire Depart- 
ment pronounced it unsafe and the owners were instructed to 
make immediate repairs and take corrective measures. 


REPAIRS SUGGESTED 


The first natural method suggested for repairs was that of 
reinforcing the damaged columns and rebuilding the shattered 
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Fig. 2—SPALLED SECTION OF COLUMN 4, CEILING OF FOURTH 

FLOOR BEING FIFTH FLOOR STRUCTURAL SLAB. THIS IS ONE OF 

THE SECTIONS REMOVED. TEMPORARY SHORING IN PLACE. THE 

WHITE SPALLED AREAS SHOW WHERE CONCRETE DROPPED OFF 
DUE TO THE QUENCHING OF FIRE 


Fia. 3—CoRNER COLUMN UNDER ROOF. WALL TO LEFT OF 
COLUMN WAS BULGED TWO INCHES 
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floor slabs. As an alternate suggestion, however, it was recom- 
mended that the fifth floor slab be cut down for two and a half 
bays each way (as indicated in Fig. 4), the undamaged roof 
removed, and the structure rebuilt. 

The owner naturally objected to reducing the head room 
around the columns, which would result from the construction 
of new supporting heads. There was also the possibility that the 
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Fig, 4—LocaTION OF FIRE, DIRECTION OF DRAFT AND EXTENT OF 
DAMAGE TO FIFTH FLOOR 


floors would not be allowed to carry as much as the structure 
had been designed for. 

These facts were pointed out to the insurance company, and 
a comparative analysis was made as to the cost of (A) repairing 
and strengthening the structure as against (B) entire rebuilding 
of the damaged portion. 

The estimated cost of (A) for the structural part alone, elim- 
inating the question of various subcontract items that would be 
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the same in either case, was approximately $13,000. The esti- 
mated cost of (B) was $21,000. 

After considerable discussion, and after rechecking of these 
estimates by consulting engineers, the owners were finally per- 
mitted by the insurance company to proceed on the basis of 
complete rebuilding of the damaged part of the structure, remov- 
ing the roof immediately over it, to allow the wrecking of the 
damaged fifth floor. 

Several interesting factors developed during the progress of 
wrecking the roof and the damaged portion of the fourth floor. 
It was found that the cost of wrecking and removal of the rein- 
forced concrete work amounted to $14.00 per cubie yard of 
concrete in place, made up as follows: | 


Rental of compressor equipment, wrecking hammers, operators, etc., 


per cubic: yard: s ita feeders 5 oa ea ees $6.70 
Cost of construction of rubbish chute, mucking and disposal, per cubic 
BIL oo Eaten aie SRI SE rere Patan GAMA cto ing gk adie bade s $7.30 


This cost of removal of the reinforced concrete was lower than 
expected and the information may be of value in similar instances 
where the anticipated cost of wrecking concrete may be con- 
sidered excessive. 


The structure was cut back to the center of the panels, as 
indicated in Fig. 4, and in several instances construction joints 
were followed. It was found that the concrete at the construc- 
tion joints broke clean. In other words, there seemed to be no 
bond except that created by the reinforcing bars at the con- 
struction joints. 

Fig. 4 is a plan showing the section removed. The roof over the 
portion indicated in the plan, was removed, even though not 
seriously damaged, to permit the removal of the fifth floor which 
was badly damaged in the panel between columns 1, 2, 4 and 5. 


Design is two-way flat slab with bands as indicated. Concrete 
was cut to a straight line and steel left projecting six feet from 
this line for bond. Concrete at column was cut down to top of 
the capital. Exterior columns were removed down to and includ- 
ing capital in fourth story. Column 21 was badly damaged on 
exterior by heat, due to the draft around the corner as shown 
in Fig. 5. This column was also strengthened in the lower story. 
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Columns 1, 2 and 4 in the fourth story had a hollow ring and 
when wrecked, it appeared that the spiral reinforcement had 
expanded and loosened the 2-in. fireproof shell over about one- 
third the area of the column. 


Fig. 5 shows damage to a corner column. This was the only 
column badly damaged on the exterior. Concrete was very 
badly pitted and disintegrated on the corner of the building 
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Fic. 5—SECTION OF CORNER COLUMN SHOWING EXPOSED REIN- 
FORCING STEEL 


where the draft had drawn flames around and formed a very 
hot eddy, the same draft that melted the wire glass and sash on 
two floors and brought the fire into the building. Reinforcing 
steel was exposed as indicated for two and a half stories. 
Exterior repairs consisted of cutting away to a minimum 
depth of 2 in. all disintegrated concrete, attaching wire reinfore- 
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ment to hoops and rebuilding column by pointing up to original 
line. The wire mesh consisted of chicken wire firmly tied to the 
exposed hoops and column bars. Wire reinforcement was 
attached to hoops and column rebuilt by pointing up to original 
line. Below fourth floor, column was reinforced by constructing 
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Fig. 6—SPALLING OF COLUMNS AND PANELS DUE TO INTENSE HEAT 


an interior shaft filled through a hole in the fourth story. This 
shaft was tied into the existing column in this story. 

Concrete on this exterior column was quite brittle and showed 
exposure to very high degree of heat, but there was not much 
indication of spalling as with the interior columns which had 
been subjected to jets of water from the fire hose. 


Fig. 6 shows typical damage to column heads. The cross 
hatched sections indicate spalled areas. 
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Exterior wall from column 18 to 21 was badly spalled and Hel 
in fifth story. This wall which was sprung by the fire, was 
removed and rebuilt. 

Columns 19, 20 and 21 had corners of dropheads spalled off, 
but shafts of the columns were undamaged. These columns had 
hoop reinforcement and no spirals. These hoop columns did not 
show any looseness in the concrete shaft, whereas the spiral 
columns 1, 2 and 4 had a very hollow ring and later the fireproof- 
ing outside of the spiral was found to have been badly damaged. 
All these columns were exposed to about the same degree of 
heat, which led to the conclusion that the spalling action on 
columns 1, 2 and 4 was caused by expansion of the spiral steel. 


Fig. 7—D£EFLECTION AND EXPANSION OF SLAB ON FIFTH FLOOR 
BETWEEN COLUMNS 1 AND 2 


Decision to wreck the entire damaged portion was based upon 
the fact that structural steel members would be required to 
rebuild the dropheads if the same carrying capacity was to be 
guaranteed for the floor above. ) 

In Fig. 7, a sketch shows a section through center of slab, 
fifth story, between columns 1, 2, 4 and 5. This was the only 
panel showing appreciable deflection and signs of disintegration. 
Examination of structure indicated that this sag was caused by 
the combination of three causes: 

(1) Overloading by water soaked debris on fifth floor. 

(2) Deformation of reinforcing steel either by flow under high 
temperature or expansion. 
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(3) Spalling and cracking, perhaps caused by item 2. 


One of these columns was badly spalled, as shown in illustra- 
tions, and condition of exposed concrete indicated that this 
spalling took place after smoke and fire were partly or fully 
quenched, for the reason that the exposed spalled areas were clean 
and white and had not been sooted or discolored by smoke. It is 
possible, therefore, that this spalling action took place when the 
many streams of water were turned on by the Fire Department 
and the exterior of the concrete suddenly cooled. 


This panel was so badly damaged and deflected, that it was 
necessary to have it removed. The destruction of this one panel 
influenced the decision on the remaining repair work and led to 
the ultimate removal of the entire corner of the building for the 
two structural slabs. 


On the whole, it appears that the cost of wrecking and rebuild- 
ing entirely the damaged sections of the structure, as compared 
with making repairs and patching, was not out of line at all and 
that in similar instances recommendations should be made to 
remove the damaged portion entirely, rather than to make 
repairs which would decrease space and possibly reduce carrying 
capacity and rental value. 


It would have been necessary to have removed all the fire- 
proofing on the columns, outside of the spirals, and cast a new 
column around the spiral core. This column would also have 
required support by structural steel framework carrying the 
drophead of the slabs. In any case it would have been necessary 
to have removed the most severely cracked panels of the fifth 
floor as they showed a maximum deflection of 1% in. 


From the results of this fire and the cost of repairs the follow- 
ing conclusion can be drawn: Where reinforced concrete 
buildings are severely damaged, the damaged sections can be 
cut out easily and rebuilt at a nominal cost. 


As a further attempt to draw lessons from this fire, a study was 
made of the increased cost of a concrete structure if limestone or 
trap rock aggregate were used instead of quartz. There were 
indications that the quartz pebbles had split and sheared from 
the influence of temperature change. It is certain that the fire 
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would have entered the building regardless of the type of aggre- 
gage used in the structural concrete. If trap rock or limestone 
aggregate had been used there might have been less spalling of 
column heads. It is likely that the columns would have spalled, 
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Fig. 9—Roor AND FIFTH FLOOR REMOVED 


as the damage to the columns, apparently, was caused by the 
expansion of the spirals. It is certain, furthermore, that the 
concrete slab, being overloaded, the steel expanded by heat and 


. 


» 
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the under side of the slab exposed to fire, would have deflected 
to considerable extent and would have required repair. 

The attached table is quoted by permission of the Manufac- 
facturers Mutual Fire Insurance Co., and applies, of course, only 
to buildings equipped with sprinklers. The building mentioned 


Fic. 10—StrrucTURAL FRAME WORK COMPLETED 


Fic. 11—PutTtinG ON THE FINISHING TOUCHES 


in this report was not so equipped. This table shows, however, 
that the damage to the structure is merely nominal as compared 
to the damage to the contents. It is believed, therefore, that the 
conclusion to draw from this is that the requirement of the use 
of a broken stone aggregate in reinforced concrete would not be 
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justified, as the total increased cost resulting from the change in 
type of aggregate on all concrete structures in NewYork City for 
one year would be approximately $400,000, and the damage to 
all concrete structures by fire is only a fraction of this amount, 

The insurance company carrying the risk on this structure 
asserted that no structural steel framework, even though “‘fire- 
proofed’ could have withstood exposure to this fire without 
entirely collapsing over the fourth story, possibly pulling down 
the roof structure so that at least the two upper floors would have 
been destroyed entirely and would have overloaded the lower 
floors. - 

It was estimated that the loading on the fifth floor at the height 
of the fire, due to the saturated materials and the water load, 
amounted to not less than 200 lbs. per sq. ft. 


TABLE I 


Average 
Build- |Per Cent 
Build- Con- Total | No. of ing Build- 


ing tents Fires Loss ing 

Per Fire} Loss 

Reinforced Cone. | $20,682 | $448,710} $469,392) 151 $137 4.4 
Plank on Timber 25,938 | 130,201] 156,139 107 242 16.6 
Boards on Joists 49,065 | 184,755) 233,820 65 756 21.0 


Readers are referred to the JouRNAL for November 19380, for 
discussion which may develop. Such discussion should reach the 
Secretary by Oct. 1, 1930. 


RECOMMENDED PRACTICES IN THE USE OF CasT STONE* 
Report of Committee 704, Cast Stone Standards 
LOUIS A. FALCO, CHAIRMANT 


Cast stone should be composed of portland cement and hard, 
durable aggregates of such colors and in such proportions as to 
produce, when finished, the desired appearance, strength and 
density. All materials used in the manufacture of cast stone 
should pass the standard tests for such materials as adopted by 
the American Society for Testing Materials. 


Cast stone should be manufactured in an inclosed building and 
after being removed from molds should be stacked for curing 
under moist conditions for at least seven days. It should then 
be allowed to dry out, being protected from air currents and the 
sun’s rays. Generally, cast stone should be aged at least 14 days 
before being delivered to the job. 


Cast stone should be the product of a manufacturer having the 
capacity and facilities for furnishing the quality, sizes and 
quantities of cast stone required without delaying the progress of 
the work and whose products have been previously used and 
exposed to the weather with satisfactory results. 


Cast stone should have a compressive strength of at least 
5,000 Ibs. per sq. in. and an absorption of not more than 7 per 
cent nor less than 3 per cent when tested in accordance with the 
American Concrete Institute tentative specification for cast 
stone (P-3-A-29T).f 


Cast stone should be definitely specified according to the 
following classification: 


*Presented at the 26th annual convention, Feb. 1930, approved by a majority of the 
committee consisting, beside the chairman, of: C. G. Walker, secretary, P. H. Bates. George J. 
Eyrich, Herman Fiauenfelder, J. W. Lowell, Duncan Thomson. 

+President, Decorative Stone Co., New Haven, Conn. 

t{Proceedings of the Amer. Conc. Inst., Vol. 25, 1929, p. 550. 
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Cut Cast Stone: 
Planer rubbed finish 
Bush hammered finish 
Machine tooled finish 
Crandalled finish 
Hand tooled finish 
Sawed finish 

Surfaced Cast Stone: 
Hand rubbed finish 
Brushed finish 
Acid washed finish 

Plain Cast Stone: 

The architect or purchaser of cast stone should indicate the 
approximate color and texture desired in the cast stone and each 
manufacturer bidding under the specification should submit 
samples showing the quality and finish of the cast stone which he 
proposes to furnish. 

Cast stone should conform in every particular to the sample as 
finally selected and approved by the architect or purchaser. 

The architect or purchaser should have the privilege of selecting 
pieces of cast stone at random for testing purposes. Tests 
should be made by a laboratory approved by both the architect 
or purchaser and the manufacturer and should be paid for by the 
manufacturer. 

Scale and detail drawings should be furnished by the architect 
wherever necessary. 

Clay or plaster models of all ornament should be provided by 
the cast stone manufacturer and should be approved by the 
architect either from photographs or by personal inspection be- 
fore any work is executed therefrom. Molded ornament should 
faithfully reproduce the character and feeling of the drawings and 
models. 

Based upon the drawings furnished by the architect, the manu- 
facturer should prepare complete shop drawings and setting 
diagrams showing jointing, bonding, and anchoring for all cast 
stone work. The dimensions and setting number of each piece 
of cast stone should be clearly indicated on the shop drawings. 

The general contractor should furnish to the cast stone manu- 
facturer the information necessary to enable him to check the 
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cast stone properly with connecting structural work to insure that 
all these items will be in perfect agreement. 


Copies of all shop drawings should be submitted to the archi- 
tect, one set to be approved by the architect in writing thereon 
and returned to the manufacturer before the manufacture of 
cast stone is started. 


Cast stone should be reinforced as necessary to withstand all 
stresses to which it may be subjected in transit and in place. 
Reinforcing should not be placed within 11 in. of the surface. 

Lifting rings or Lewis holes should be provided in all cast stone 
where necessary for handling or hoisting purposes. Holes and 
sinkages should likewise be provided for all anchors, dowels, 
cramps, etc. 

Anchors, dowels, cramps, ete., should be wrought iron, zinc 
coated or dipped in asphaltum or red lead after fabrication. In 
general not less than two anchors should be provided for each 
piece of built-in cast stone 4 ft. or more in length and in no event 
should there be less than one anchor to each piece of cast stone. 


Beds and joints should be full and square for the full depth of 
the piece and be scored to provide a bond for the mortar. 


All exposed surfaces of cast stone should be true, free from 
projections or depressions, and faces in the same plane should be 
flush at the joints. Moldings and arrises should be sharp, true 
and continuous at the joints. 


Joints should be plumb and level and of uniform width. At 
least every third course of ashlar should bond not less than 4 in. 
into the backing, and no piece should have less than 4-in. bed. 
Reveals of openings less than 12 in. deep should be without 
vertical joints. Pieces at grade should extend not less than 4 in. 
below grade. Pieces that are to be bonded with other material 
should be kept not less than 4 in. from the back of the wall, and 
the bed joints of pieces bonding with other masonry facing 
material should coincide with the horizontal joints of the con- 
necting material. 


All projecting courses such as window sills, belt courses, 
copings, cornices, etc., should have drips under the projecting 
edge. Pieces with exposed top surfaces should have a wash. 

Reglets, rabbets, slots, etc., should be provided in cast stone to 
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receive all flashing, sheet metal work, or other work which comes 
in conjunction therewith. 


Pieces coming in contact with structural steel or fireproofing 
should be shaped as required to fit connecting work. 


Cast stone should be carefully packed for shipment, using 
every reasonable precaution against damage in transit. When 
being removed from cars or trucks, cast stone should be handled 
throughout by competent workmen and by such methods as will 
guard against soiling, mutilation or chipping. Cast stone should 
be stored at the building site in such a manner that it rests 
entirely clear of the ground and should be protected by proper 
means from damage to arrises and from contact with anything 
that would result in damage from the accumulation of dirt, dust, 
grease or other staining or disfiguring agents. During extended 
periods of storage at the building site, cast stone should be 
covered with tarpaulins or stout non-staining paper. In no case 
should the cast stone be stored under trees or other overhanging 
objects. 

Cast stone should be set in mortar composed of one volume 
portland cement, one volume cold lime putty and four volumes 
clean, well graded sand, or mortar of equal quality. Lime putty 
should be made from the best quality lump lime slaked with cold 
water, screened through a 3¢-in. mesh screen into a settling box, 
allowed to stand not less than one week and then mixed with 
sand and stacked to age. The correct amount of cement should 
be thoroughly worked into small batches of the mixture just prior 
to its use for setting cast stone. 


All exposed surfaces of cast stone should be cleaned and the 
mortar surfaces of each piece should be sponged with clean water 
just before setting. Each piece should be set accurately, true to 
line, level and plumb by competent stone setters, with full flushed 
joints, filling all anchor holes. The exposed faces of cast stone 
should be kept free from mortar at all times. 

Pieces of cast stone in heavy projecting courses and other 
heavy projecting members should be propped up until the 
anchoring has been built in and sufficient work is in place above 
to hold such members securely in position. Heavy blocks of cast 
stone should not be set until the mortar in the joints below has 
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thoroughly set. The use of pinch bars except on the backs of cast 
stone should be prohibited. 

Each piece of cast stone, except where otherwise specified 
should rest on a full bed of mortar in sufficient amount to fill out 
to the edges of the piece on all sides. The use of wooden wedges 
should not be permitted. Each piece of cast stone should be ad- 
justed on its bed by striking with a wooden mallet or ram. Any 
piece which does not find its proper bed and solid bearing should 

_be lifted and reset on a new bed of mortar. All anchors and 
dowels as provided for should be set in position as the courses are 
laid. All holes and sinkages around anchors, dowels, cramps, etc., 
should be entirely filled with setting mortar. Joints should be 
raked out 34 in. deep on the face for pointing. 

Only the ends of lug sills should be set in a full bed of mortar, 
balance of joint to be left open until pointed. 


All cornices, copings and projecting belt courses and pieces 
forming gutters should be set with the vertical joints dry. These 
joints should be caulked on the exterior profile with oakum and 
should then be filled to within 34 in. of the top with liquid grout 
composed of one volume cement to one volume of fine sand, pre- 
hydrated for at least three hours and of as thick consistency as 
can be poured into the joints. After the grout has thoroughly 
set the top Joint should be filled with lead wool caulked tightly 
against the edges and left slightly convex on the top. Oakum 
should be removed and face joints pointed as hereinafter recom- 
mended. 

After being set all cast stone work should be properly pro- 
tected from damage by means of boards or other suitable covering 
where necessary until completion of the work. 

When ready to be pointed the face of all cast stone should be 
scrubbed with a fiber brush using soap powder and water and 
should then be thoroughly rinsed with clean water. Mortar 
splashed or dropped on the face of cast stone during setting should 
be immediately washed off with a sponge and clean water. 

Face joints should be brushed out clean to a depth of 34 in., 
the joint lightly dampened and then carefully pointed. Pointing 
mortar should be composed of one volume portland cement, not 
more than 114-volume cold lime putty, and two volumes of clean, 
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sharp and well graded sand. Pointing mortar should be pre- 
mixed in small batches and allowed to stand three hours before 
being used. Pointing mortar should be packed solidly into all 
joints. Pointing should not be done in freezing weather or in 
locations exposed to hot sunshine unless properly protected. 


Readers are referred to the JouRNAL for November 1930, for 
discussion which may develop. Such discussion should reach the 
Secretary by Oct. 1, 1930. 


Discussion of Paper by Norman M. Stineman 


MoMENT AND SHEAR DIAGRAMS FOR CONTINUOUS 
BEAMS AND Ricip BurLtpInGc FRAMES* 


BY ARTHUR R. LORDT 


Srncx I was afforded the privilege of examining this paper and 
of offering suggestions, all of which were cheerfully accepted, my 
criticism must be as much of myself as of the author. We both 
overlooked an essential matter, in expressing the stiffness factor 
of columns and girders in terms of I/H and I/L solely, instead of 
in terms of EI/H and EI/L. The effect of the elastic property 
of the material on stiffness is so universally known that the 
correction would be made where necessary, probably, without 
this note. But itis, perhaps, worth while as a protective measure, 
to state that E, does not always cancel out; that the proper 
value of E, must be used when the members meeting at a joint 
are composed of concrete of markedly different properties. It is 
fairly common to use several qualities of concrete in a tier of 
columns, and in such cases, whenever one member at the joint is 
made of different concrete from the others, the relative stiffness 
must be expressed in terms of EI/H and EI/L. 


BY U. T. BERG{ 


THE writer would suggest that if Mr. Stineman’s diagrams are 
to be issued as standard practice of design, that they should be 
revised as far as the values for negative moments are concerned. 
The intermediate values between support and O are all un- 
necessarily severe. 

The negative moment for any span AB is made up of the 
following 3 conditions of loading: 

(a) The maximum values near support B occur when AB is 
fully loaded. Span adjacent to B fully loaded, all other spans 


*Journal of the American Concrete Institute, January 1930, Proceedings, Vol. 26, p. 211. 
t+Consulting Engineer, Chicago. 
{Structural Engineer, New York City. 
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alternately loaded and unloaded. See A on sketch. 


(b) The maximum values nearer middle part of span. AB un- 
loaded, other spans alternately loaded and unloaded. See B on 
sketch. 

(c) The maximum values between 0.1 Land 0.2 L from support 
B occur when span AB is fully loaded from A to about 0.8 L. 
Other spans alternately loaded and unloaded. See C on sketch. 
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The values C compared with B and A are only at the most about 
7 per cent shy in this region and for all practical purposes it is 
correct to round off the intersection of curves A and B for a 
length of 0.05 L on each side of intersection. : 

Curve S represents Mr. Stineman’s negative moment for the 
same conditions of spans and relation of live load to dead load 
and hatched area represents the unnecessary increase beyond the 
largest possible moments. 

While the example is taken for an end span, it also applies to 
other spans in a general way. 


Discussion of the paper by Arthur R. Lord: 


“DEsIGN AND Cost DaTA FOR THE 1928 JOINT 
STANDARD BUILDING CopR’’* 


BY I. OESTERBLOMT 


DESIGN OF CompouND Bam SECTIONS 


In THE discussion by Messrs. Hadley and Way of Mr. Lord’s 
“Design and Cost Data’’—(See Proceedings 1929, p. 828)—there 
is a statement which needs repeating, both for the benefit of the 
people engaged in the art of making concrete structures and for 
the teachers in the schools, where this noble art is taught. Very 
truly and significantly they say: 

The apparently involved and forbidding calculations which its use entails 
have unquestionably led to the rejection of concrete and the use of other 
materials in numerous cases, despite the adaptability and even economy which 
reinforced concrete offers. 

In the early years of the newborn art, attention was specially 
directed toward methods to figure the elementary as well as com- 
pound sections correctly. Later on, as the need to recognize the 
fact of continuity became apparent, even more thought was spent 
on the development of reasonable formulas and methods for 
correct bending moments. 

Later developments, a more complete study of the problems 
involved, and especially analysis for elimination of secondary or 
insignificant causes have given birth to a great deal of simplifica- 
tion and at the same time greater accuracy. 

Old methods and formulas, however, due to the tremendous 
inertia of years of propaganda and service are hard to down. It 
is to be hoped therefore that the contribution from Messrs. 
Hadley and Way pointing out simpler ways and also what others 


*A.C. I. Proceedings, Vol. 24, 1928, p. 537. It is perhaps more accurate to designate this 
contribution from Mr. Oesterblom as discussion of discussion—based, as it is, on discussion of 
aie. Lord’s paper by H. M. Hadley and W. F. Way, Proceedings. Vol. 25, 1929, p. 829. — 
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have done to make the mathematics of design less cumbersome, 
will receive the attention it deserves. 

The theory of the simplified method proposed is well explained 
on pp. 830-832; the examples and tables on subsequent pages are 
also excellent. All designers should read these and, no doubt they 
will thenceforth forget the old, yard long, several story high 
formulas from the text books, and use the simplified method only. 
Not only is it much faster; it is also much clearer and puts a real 
meaning into the old formulas and thus justifies their elimination. 
(The above is said with special compliments to the teaching 
profession. ) 

While I thus take the opportunity to stress the usefulness of 
the simplified method, I wish to point out that it was published 
by the writer clearly, completely, and covering all kinds of com- 
binations—even steel in compression—as far back as March 1910. 

At that time reinforced concrete had made some definite strides 
towards popularity—although many architects still insisted that 
concrete “had no business except below ground’”’—but good 
books and reliable information were still scarce. 

The writer at that time was interested in power house construc- 
tion and studied reinforced concrete from German books. March 
19, he went before The American Society of Swedish Engineers, 
Brooklyn, N. Y., with an elementary paper on “Design of Rein- 
forced Concrete Beams.”’ 

I beg to quote from the published proceedings of the Society 
as follows: (The notations are those at that time in use in German 
books; no American notations were standardized or universally 
adopted.) 

REINFORCEMENT IN COMPRESSION (P. 8) 

The introduction of reinforcement both in the tension and the compression 
zones for such cases, where it is necessary to place a strong beam in a relatively 
small space, has given rise to a number of formulae and methods of solution, 
more or less elaborate, but for practical purposes unsatisfactory. The action 
inside of the beam being well understood, it is possible to use all the working 
formulae for beams with reinforcement in tension only and corresponding 
tables, and to apply adjustments after preliminary results have been. first 
obtained. * 

The resisting moment of the beam can be considered as consisting of two 
artsy Vian =! Mi Man ence pean tio ihee ole meee ay healed nce ods (21) 
of which M is the moment produced by the concrete in compression and that 
part of the steel in tension which counterbalances the concrete in compres- 
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sion, and M; is the moment produced by the steel in compression and the 
remainder of the steel in tension. 

With the depth of the beam given by the limited space conditions M is first 
solved by the use of equation (9). Mi is determined by the load conditions 
and additional reinforcement must now be provided to take care of Mz which 
is now know to be equal to M; — M. 

If y2 is the lever arm between the additional steel in tension and the steel in 
compression, we find the total tension or compression in the added steel to 


M M 
be —— and the required area in tension A; = TRE Pie et 0. (22) 
y2 yrto 


The requirements for elasticity in the beam make it essential that in the com- 
pression zone the steel stresses should be n times the concrete stresses at the point 
where the steel is placed. If therefore a steel area is introduced, which does not 
violate this rule, the addition of extra reinforcement will not affect the depth 
of the compression zone or the length of the lever arm for the moment M. 
Ki eevee 
= aC 

x 


The concrete stresses at the point of reinforcement are " 


and the available steel stresses therefore, after deduction has been made for 


n 1D)alb h é 
the replaced concrete, (Se) Pee The required steel area in 
x 


M.X 
(n 1) [x — (hb — yz) yaco 
T-BEAMS (P. 10) 


compression is therefore A, = 


~ 


Besides the rectangular beam * * * there is another form of beam with 
a compound rectangular shape extensively in use, the so-called T-beam. * * 
* Numerous formulae have been deducted governing the conditions in a 
T-beam and all of them, if correct are quite complicated and cumbersome. 
¥ (45% / 

As a matter of economy in the use of building materials, it is frequently 
desirable to increase the depth and therewith the lever arm, which will reduce 
the total stresses and lower the amount of concrete in the flange and steel in 
the web. 

There are, of course, an unlimited number of possibilities, all of which will 
supply the proper moment of resistance to the exterior bending moment, and 
all of which will also show proper material stresses, provided the T-beam is 
well proportioned and the correct amount of reinforcement is used. One can 
therefore select any reasonable depth, dependent on local conditions. If a 
solid rectangular beam were designed with this depth h and a width b, its 


moment of resistance, according to equation (9) would be M = ae naan C48) 
c 
; 1 
which is in excess of the required moment. The required resisting moment 
being Mp we have M — Mp — Mn Ti ofer, 0, lise. 9: ef evie. ol ais) oielunsmaweenancr elite rays tena etee (27) 


where Mx represents the moment of that part of the full rectangular beam 
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which should be deducted from the full moment to give the desired moment. 
This negative moment is made up of certain steel stresses, taken up by that 
part of the reinforcement for the full rectangular beam, which is in excess of 
the requirements in the T-beam or corresponding concrete stresses, located 


below the lower flange line and alever arm which is h — x + = Texas 


the compression depth below the lower flange line. Call the concrete stresses 
at the lower flange line cy and the steel area, which takes the excess tension 


M 

Be chee ee Ante pe ha ata (28) 

Xn 

h—x a 

er 
My bsaen 
2x, Bp DOTS RES Sek cheat Sti Dein apt Ara (29) 
ee ae 


* * * The reduction of steel from that required in the full rectangular 
beam follows directly from equation (28). . 


(CONCLUSION PAGE 16) 


* * * Of the new material in this paper I wish to call attention to my 
method of solving double reinforced and T-beams. It is a new method for an 
old theory and should therefore invite scrutiny and discussion. 


As one grows older and has to battle with the real problems of 
engineering one naturally develops a dislike for useless formulas 
and particularly those which have a tendency to conceal the 
simple realities. At that time, being new from school, I expressed 
many of my ideas in formulas, which now I would express by 
simple common rules or proportions. They are none the less a 
definite expression of the simplified methods later on introduced 
by Messrs. Beard, Hadley and Way. 

Subsequently as a member of the engineering staff of the 
Truscon Steel Co., I had ample opportunity to apply my sim- 
plified method. A T-beam chart was issued, also examples to 
illustrate. The chart is dated 4-16-13 and is a copy of personal 
chart of previous date. The examples, second edition, were 
issued 12-23-14. 

The first example shows a T-beam with two thicknesses of slab 
the second a T-beam with the slabs on either side at two different 
heights and with two different thicknesses. Both examples are 
solved by the simplified method correctly in two or three minutes, 
whereas by the usual elaborate formulas, hours of time would be 
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required. Both sections are unusually complicated from the 
formula point of view—even with the addition of compression 
steel they would be easy to figure by the simplified method. 

The second of the above two examples is identically the same 
in character as the second in Messrs. Hadley and Way’s dis- 
cussion. 

Later on I carried my consultation practice to several Asiatic 
countries. In China I found fertile ground among the many very 
brilliant young Chinese engineers, who gratefully accepted my 
method and have used it since the year 1915. In matters of this 
kind many Asiatics are more receptive than the Americans—per- 
haps principally because all modern engineering is new to them 
and the inertia of old methods have no retarding influence. 

More recently I have used my method on more complicated 
problems, viz., two different kinds of concrete in compound re- 
inforced beams. 

This is an entirely new development in concrete engineering 
and I know that with the usual formulas properly extended to 
take care of a third material the task would be hopeless. 

My recent studies are far from being purely academic. It has 
to deal with the very specific and completely practical problems 
of dead weight reduction for tall buildings. For the purpose 
two kinds of concrete have to be used in combination; one con- 
crete with an expanded aggregate and another an expanded con- 
crete. Both of these materials are light in weight, but have other- 
wise different but supplementary properties. They combine for 
reinforced units of unusual strength and extremely low weight 
and they present at the same time a most interesting mathe- 
matical problem. 

In view of all the above, I wish to say with Messrs. Hadley and 
Way: Let us drop the old cumbersome formulas and let us pray 
that all students may rebel against the teaching of them in 
school, when simple methods are available, ever so much clearer 
and more instructive. 


BY H. M. HADLEY* AND W. F. WAY* 


Ir ts interesting to learn that as long ago as 1910 Mr. Oester- 
blom presented in his paper before the American Society of 


*Seattle. 
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Swedish Engineers methods of design of reinforced concrete 
beams closely resembling those set forth in our discussion. With- 
out a full statement of the notation being given, it is difficult to 
follow and check Mr. Oesterblom’s formulas. The published 
proceedings of The American Society of Swedish Engineers are 
not, so far as we know, available for reference in Seattle; neither 
are they listed in the Engineering Index of 1910. 

Regardless of this fact, Mr. Oesterblom’s statement shows the 
same basic conception of the beam reinforced for compression as 
we presented with acknowledgment to Mr. Robt. 8S. Beard and a 
conception of the T-beam as the difference of two rectangular 
beams similar to ours. We cannot see, however, how Mr. 
Oesterblom’s equation (27), all the terms of which are clearly 
stated and defined, can in general be true. The moment capacity 
of the rectangular section which is deducted from the gross overall 
rectangular section is wholly independent of the external moment 
to which the beam is subjected, whereas Mr. Oesterblom’s for- 
mula apparently makes it a function of the external moment. 
Such treatment would lead to incorrect arithmetical conse- 
quences. 

Also it is to be observed that values of K and P are necessary 
to make the simplified design method a practical reality. 


BY I. OESTERBLOM 


THE brevity of the extract may account for the misunder- 
standing of equation (27). Not containing any dimensions in 
reference to either steel or concrete it does not express the proper- 
ties of the section. It merely expresses in symbols the method of 
procedure. It seems to be identical, except in form, with the 
basic idea of Messrs. Hadley and Way to segregate the two 
elements of resisting force couples and thereby simplify calcula- 
tions of resisting properties. 

To say it in words instead of symbols we have the very simple 
and obvious truth that if an elementary rectangular concrete 
section, reinforced to the limit, is not strong enough to resist the 
external bending moment, an additional element of strength 
must be provided, or if it is too strong, elements of strength 
may be.deducted. 

This is all the equation endeavors to say. 
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It is the second part of the problem to find what this second 
element of strength should consist of and how it should be pro- 
portioned. There may be added projecting slabsections of various 
thicknesses and positions with steel to balance in elastic equili- 
brium; or additional steel on both sides of the neutral axis may be 
necessary or preferable. Fortunately, through the segregation, 
the figuring of the additional elements, no matter how many or 
how complex, is exceedingly simple. 

That this can be done by the intelligent use of the well 
known “‘p’’s and ‘“‘k’’s, values of which can be found in every 
reference book on the subject and that no special formulas or 
tables need be devised, should be considered a point of advantage 
rather than the reverse. ) 

More recently an article in Concrete has been running serially 
employing the same principle of segregation; it is to be hoped that 
soon the absurdly complicated and most unnecessary formulas 
and tables of doubly reinforced and T-beams will disappear 
entirely from our text, books. 


Discussion of Paper by Hardy Cross 


Design Or REINFORCED ConcRETE CoLUMNs SuBJECT 
To FLExuURE* 


BY N. H. ROY] AND F. E. RICHART{ 


THE FOLLOWING study of the modulus of elasticity of concrete 
and its bearing on design, is the result of many discussions that 
the writers have had with Professor Cross and much of the work 
was done by Mr. Roy in connection with graduate courses in 
reinforced concrete, taken simultaneously with Professors Cross 
and Richart. The results given are therefore quite familiar to 
Professor Cross and he has encouraged their publication as supple- 
mentary evidence relating to certain phases of his paper on the 
action of columns subjected to bending. The discussion is as 
much a discussion of the Joint Building Code of the Institute as 
it is of the paper, and the latter was probably written with the 
purpose of drawing more critical attention to certain of the code 
provisions. 

In his paper, Professor Cross points out that in certain forms 
of continuous reinforced concrete framing, in which the moment 
induced in a column is a function of its stiffness, an increase in 
the strength of the concrete used may be of no value and may 
even be a detriment to the load capacity of the column. This 
conclusion is based upon the assumption that the modulus of 
elasticity E,, is directly proportional to the compressive strength 
ie 

The modulus of elasticity has been expressed as a function of 
compressive strength in various ways. In the reports of the 1916 
and 1924 Joint Committees!” values of E for design purposes 
were given for three classes of concrete based on 28-day compres- 
sive strengths as follows: 

*JOURNAL OF THE AMERICAN Concrete InstiTUTE, December 1929; discussion, April 1930. 
+Research Assistant, Theo. and Appl. Mech., University of Hlinois. _ 
tResearch Assoc. Prof., Theo. and Appl. Mech., University of Ilinois. 


1, 2, et. seq. see numbered list of references at end of this discussion. 
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For f, over 1500 and under 2200 lb. per sq. in., E = 2,000,000 
Ib. per sq. in. 

For f, over 2200 and under 2900 lb. per sq. in., E = 2,500,000 
Ib. per sq. in. 

For f, over 2900 lb. per sq. in, E = 3,000,000 Ib. per sq. in. 

The Joint Building Code’ of the American Concrete Institute, 
1928, specifies E for design purposes as 1000 fi, where f, is the 
28-day compressive strength of the concrete. 

While undoubtedly these relations between E and f, are based 
upon the results of many tests, the aim of this discussion is to 
present test data which may indicate limits of application and the 
effect of certain variables upon the accuracy of the general rela- 
tions. 

The value of E enters two general design problems, (1) The 
distribution of stress between steel and concrete in a reinforced 
beam, slab, or column, and (2) the distribution of bending moment 
between members of a rigidly connected frame. The first case is 
not of great importance, since a variation in the value of E used 
will produce only a minor difference in the load carrying capacity of 
the member. The use of an incorrect value of E in the problem of 
distributing moments in a continuous structure is more serious. 
As indicated by Prof. Cross, if-a small column frames into a deep 
heavy girder, the amount of moment thrown into the column is 
almost directly proportional to its value of EI (where I represents 
the moments of inertia of the section). A 10 per cent change in 
EI will produce a similar change in the induced moment. Ex- 
perience shows that such a column may have high stresses and 
any attempt of the designer to relieve them will run into difficulty. 
An increase in section or in reinforcement will obviously cause an 
even greater increase in I. If Eis equal to 1000 f,, the use of a 
stronger concrete will likewise increase E, producing, in a plain 
column, a proportional increase in moment. In a reinforced 
concrete column, the increase is similar, though not so simply 
generalized in statement. If, on the other hand, E is constant for 
the stronger concretes, (say for f, of 2900 lb. per sq. in. and 
above, as given by the Joint Committee Report) then the use 
of stronger concretes would be quite effective in providing for 
column moments in buildings and rigid frames. 
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FACTORS AFFECTING MODULUS OF ELASTICITY 


It seems logical that the modulus of elasticity for concrete 
should depend upon the modulus of elasticity of its constituent 
materials, aggregates and neat cement matrix. Some average 
data‘ are given in Table 1 on the modulus of elasticity of various 
kinds of granite, limestone and sandstone similar to those used in 
concrete. Sand and gravel may be expected to have values cor- 
responding to those of the ‘‘mother”’ rock. Values of the modulus 
of elasticity of neat cement, from tests of 6 by 12-in. cylinders, of 
Universal cement, 28 days old, are given in Table 2°. These neat 
cement cylinders, ranging from very wet to very dry mixes, gave 
values of E relatively low with respect to f,. Apparently the 
cement paste is not the element in a concrete mixture that pro- 
duces a high value of E. On the other hand, suitable aggregates 
might be expected to produce a high value of E. It is recognized 
that the stiffness of a small portion of cement binder:restrained 
by the surrounding mass of concrete may be greater than that 
of the 6 by 12-in. cylinder but the same thing is true of the aggre- 
gates, so that the relative values given in Tables 1 and 2 should 
apply to the constituents of the concrete in place. 

The data of Table 2 show that while an increase in water- 
cement ratio should decrease the value of E considerably, the 
change is far less, relatively, than that produced in f,. Thus 
while a change in water-cement ratio from 0.32 to 0.76 reduces 
E to about half the original value, it reduces f, to one-fourth of 
its corresponding value. 


TABLE 1. PROPERTIES OF VARIOUS KINDS OF STONE 
Summarized from Tests of Metals, Watertown Arsenal, 1890, 1894, 1895. 
Many of these tests show increasing modulus of elasticity 
with increasing stress 


Modulus of Elasticity in 


Kind ot Stone Compressive Strength Compression at Low Stresses 
Thousands of Lb./Sq. In. Millions of Lb. Per Sq. In. 


Granite 9.0 to 29.0 45to 9.0 
Limestone 4.0 to 21.0 3.0 to 14.0 
Sandstone 5.0 to 19.0 1.0 to 4.0 
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TABLE 2, INITIAL MODULUS OF ELASTICITY FOR NEAT CEMENT 


From tests made at University of Illinois, 1919. 6 by 12-in. compression 
cylinders. Age 28 days, moist room curing. Universal Portland Cement 


Ratio| Unit 
Mixing Water E Short- 
— f’ Initial Modulus E ening 
Per Cent| Water-Cement e of Elasticity -" at 
y Ratio By |Comp. Strength} Lb. Per Sq. In. c Max. 
Weight Vol. Lb. Per Sq. In. Load 
19 0.29 1850 2,250,000 1210 | .0013 
21 0.32 8390 3,520,000 420 | .0032 
23 0.35 8245 3,250,000 394 | .0034 
25 0.38 7865 _ 3,080,000 392 | .0036 
27 0.41 7110 2,820,000 396 | .0033 
29 0.44 6505 2,700,000 415 | .0034 
31 0.47 5995 2,540,000 424 | .0034 
33 0.50 5480 2,425,000 443 | .0031 
35 0.53 5025 2,305,000 458 | .0031 
37 0.56 4075 1,960,000 481 | .0028 
39 0.59 3600 1,900,000 528 | .0029 
41 0.62 3570 1,765,000 494 | .0028 
43 0.65 3385 1,730,000 511 | .0029 
45 0.68 3195 1,730,000 542 | .0026 
47 0.71 2930 1,595,000 545 | .0021 
50 0.76 2015 1,655,000 822 | .0014 


The foregoing indicates the improbability that a simple pro- 
portion can be found to express the relation between E and f, 
for concretes in general. The relation undoubtedly depends upon 
richness of mix, consistency used, kind and quality of aggregate, 


gradation of aggregate, age of concrete, moisture content of con- 
crete, and other factors. 


VALUES OF E FROM TESTS OF CONCRETE 


In referring to the data of various tests of the modulus of 
elasticity of concrete it must be expected that some variation in 
precision of strain measurement as well as of control of mixing 
and curing of the concrete, will be encountered. However, it 
seems likely that in most cases general trends of the test values 
will be properly shown, even though great accuracy is not 
attained. There is no need for values of E to four significant 


figures, but it is important to have values correct to two sig- 
nificant figures. 
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Most tests to determine the modulus of elasticity in compres- 
sion have shown the stress-strain curve to be a straight line up to 
a load of one-fourth, or more, of the ultimate strength. One 
exception is seen in the tests by Walker’, in which some curvature 
was reported beginning with initial loads. Walker’s initial tan- 
gent moduli will generally be found to be somewhat higher than 
initial moduli found by other investigations, and it seems likely 
that Walker’s secant modulus at 25 per cent of ultimate load 
(which he shows will average about 82 per cent of his initial 
modulus) is more nearly comparable with the values of the 
initial modulus found in other tests. 


VARIATIONS IN E WITH RELATIVE CONSISTENCY 


Table 2 gave the variation in E of neat cement cylinders as 
the water-cement ratio varied. Other series of tests in which 
the materials and proportions of mix were kept constant while 
W /C varied, were reported by Walker’. Fig. 1(a) shows the results 
from several groups of cylinders made with relative consistencies 
of 0.80 to 1.50. Since values of secant modulus are not given, 
initial tangent values are used. The ratio of /!, is plotted 
against relative consistency. In all cases there is a rapid increase 
in “/i, as the relative consistency increases, showing that added 
water reduces f, much more than it reduces E. Fig. 1(b) shows 
similar results from another series, for a wide range of mixes. 
The secant modulus at 0.25 ultimate load is used. The values of 
E/t, range from 365 to 4950. In Fig. 2, values of E from this 
series of tests have been plotted against f,. Points for each mix 
are connected by lines, the wet consistency being at the left end 
of each group. Values of the ratio ”/f, are indicated by radial 
lines through the origin. The effect of richness of mix will be 
discussed later. 


The effect of consistency upon the ©/f, ratio was pointed out 
by Professor Ban’ in 1929. On the basis of a large number of 
tests of gravel concrete he derived equations for stress-strain 
curves and for the value of E, in terms of the compressive strength 
and the water-cement ratio of the concrete. His results are in 
general accord with the trends shown in Fig. 1 and 2, the mixes 
with low water-cement ratios having low values of ” /fe. 
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VARIATION IN E DUE TO GRADATION OF AGGREGATE 


Several series of 6 by 12-in. cylinder tests have been made in 
which mix and consistency and character of aggregate were held 
constant, but the gradation varied. While the water-cement 
ratio also varied, the consistency of the cement paste in the mixture 
probably did not vary greatly. Fig. 3 shows data of tests by 
Walker‘, and a similar series of tests reported in part by Talbot 


ty at 0.25 Max. 


PE&l 5G. 1". 


Walker's Tests 


SU/lions of /b. 


Series 104 Varying Mixes and Consistenci 
0-1% in. Sand and Pebbles 


6 by l2-in. cyls. 28-da ry tests 


Secant Modulus of Elastre/ 


1000 2000 3000 4000 5000 6000 7000 
Compressive Strength Wl per 39. in. 


Fic. 2 


and Richart®. In Walker’s tests, mixes of 1.0 or 1.10 relative 
consistency of 1:3, 1:4, and 1:5 proportions, are used, the aggre- 
gates varying from a 0-14 sand to 0-2-in. sand and pebbles. 
Similarly in the Talbot-Richart tests, a 1:5 mix of normal con- 
sistency throughout was used with smoothly graded aggregates 
varying from 0-100 sand to 0-2-in. sand and gravel. 

When variations in strength are produced by changing the 
gradation of the aggregate, with constant mix, consistency and 
kind of aggregate, it appears from Fig. 3 that a fairly definite 
relation (though not a linear one) may be found between f 
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and E. It is to be noted that the stronger mixes shown although 
of high density, are rather harsh and unworkable and that there 
is a tendency toward a constant value of E at stresses of 3000 
to 4000 lb. per sq. in. Values of the ratio Bit’ are seen to be 
relatively greatest for the mixes of low strength. 


VARIATIONS IN E DUE TO.KIND OF AGGREGATE 


A number of tests have been made in which the effect of differ- 
ent kinds of aggregate was studied. Data of tests by Wig, 
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Williams and Gates*®, Humphrey and Losse! and the writers, are 
given in Fig. 4. In the first two diagrams the coarse aggregate is 
of various kinds as shown; in the last one, 20 kinds of natural 
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sands are used with one lot of gravel. Tests by Walker® on con- 
crete made with gravel, limestone, granite and slag coarse aggre- 
gates’show very little difference in either the values of E or of 
the ratio © /f, due to the different kinds of material. 

The diagrams of Fig. 4 indicate little effect of any particular 
kind of aggregate upon the value of E. This is not very consistent 
with the idea stated earlier in this discussion that E will be 
affected by the stiffness of the aggregate or else the aggregates 
used did not have as great a variation in quality as do those in 
Table 1. The tests in which 20 fine aggregates were used show 
quite a uniform value of E regardless of the concrete strength. 
In fact, none of the data of Fig. 4 show much agreement with the 
relation, E = 1000 f,. 

VARIATION IN E WITH RICHNESS OF MIX 


Among the tests showing the variation of E with the richness 
of the concrete mixture are those of Davis and Troxell" and 
Walker.’ Davis and Troxell show values of the secant modulus 
of elasticity at a stress of 400 lb. per sq. in. of sandstone concrete 
40 days old, of 4,000,000 lb. per sq. in. for a 1:3.5 mix, 4,250,000 
Ib. per sq. in. for a 1:4.5 mix and 3,900,000 Ib. per sq. in. for a 
1:6 mix. At greater ages the increase in E is greater for the richer 
mixture, so that at 1000 days the respective values of E for the 
3 mixes are 5,350,000; 5,050,000; and 4,700,000 Ib. per sq. in. 
Tests of Series 114, by Walker, give the values of the secant 
modulus of elasticity at 0.25 ultimate load and compressive 
strength shown in Table 3. 


TABLE 3. MODULUS OF ELASTICITY FOR CONCRETE OF DIFFERENT MIXTURES 
Sand and Gravel Aggregates, 0-114-in. size. Concrete of normal 
consistency, 28 day tests 


Mix, by Vol. 1:9 1:6 1:5 1:4 1:3 1:2 


Secant Modulus of Elas- 
ticity, Ee;, in thousands 


of lb. per sq. in. 3710 | 3820 | 4220 | 4660 | 4650 | 4660 
Comp. Strength, f', Ib. E 

per sq. in. Y 1070 | 2060 | 2680 | 3310 | 4080 | 4870 
Ratio ©/s; 3460 | 1850 | 1570 | 1410 | 1150 | 960 


Water-cement ratio by vol.| 1.28 | 0.93 | 0.83 | 0.73 0.63 | 0.53 
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The table shows that E is about equal for the 1:4, 1:3 and 1:2 
mixes at 28 days. The ratio E /:’ is seen to decrease as the mix 
becomes richer, and the strength increases. The effect is similar 
to that shown in Fig. 2, in which the values of E at normal con- 
sistency (second point from the right in each group) increase 
from the leaner mixes up to a maximum at the 1:2 and 1:3 mixes 
and then decrease again with the still richer ones. The ratio 
© /i, shows a corresponding decrease from the lean to the rich 
mixes. 

Although the mixes of Table 3 are of normal consistency, the 
water-cement ratio varies. A rather complex empirical relation 
between E, f., and water-cement ratio has been stated by Ban’. 


VARIATION IN E WITH AGE 


While working stresses and other design quantities such as 
modulus of elasticity are based upon tests of concrete at the age 
of 28 days, it is of interest to know how E is affected by age and 


also to know how the action of a structure may be affected by a 


gradual change in both strength and stiffness of the concrete. 
The old statement that stress travels the stiffest path applies to 
a composite member of steel and concrete as well as to an inde- 
terminate frame. The proportionate increase in both f, and E 
generally found with increase in age would appear to be a for- 
tunate provision of nature. ; 


In Fig. 5 is shown the effect of age on initial tangent modulus 
of elasticity as found by Walker® and on the secant modulus of 
elasticity at a compressive stress of 400 Ib. per sq. in., as found 
by Davis and Troxell. In both cases the tests were made on 
6 by 12-in. cylinders, stored in damp sand and tested damp. 
Walker’s tests show a retrogression in E beyond the age of 3 
years, while Davis and Troxell find nearly a constant value 
beyond the age of one year. Walker’s tests show a general 
increase in strength with age, so that the ratio "/f,, also shown 
in Fig. 5 is seen to decrease slightly as the age increases beyond 
28 days. Tests by Wig, Williams and Gates? over a period of one 
year, and by Johnson” over a period of 90 days show a general 
increase in E similar to those shown in Fig. 5. 


It is to be noted that a very high value of E is developed by 
concrete in moist storage for 1 to 3 years. The continued gain 
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in strength and density of the cement matrix evidently imparts to 
the concrete a high value of E that can be obtained in no other 
way. 


MISCELLANEOUS TEST DATA 


A number of tests have been reported in which the effect of 
several variables are hopelessly entangled. For example, a large 
group of tests were made by Johnson on pavement cores made 
with a great variety of aggregates, including limestone, trap, 
gravel, slag, granite, and sandstone of ages % to 11 years. The 
upper diagram in Fig. 6 shows values of E from these tests 
plotted against the compressive strength, f,. As might be expect- 
ed, there is no definite relation between the two to be found from 
the data. A second group of data are taken from tests by 
Withey™, in which the age of cylinders varied from 35 days to 
65 days and the mix varied from a 1:3:6 sand and limestone con- 
crete to a 1:1.29 sand mortar. It is notable that values of E 
were nearly constant for concretes for which the strengths varied 
from about 3000 to 8000 lb. per sq. in. 


APPLICATIONS OF E IN FLEXURAL DESIGN 


Little has been said in the preceding discussion regarding the 
gradual decrease in the secant modulus of elasticity with increase 
in stress, but there is a wealth of data on this subject. In view of 
this decreasing value, some writers have advocated the use of a 
value of E for design much less than the initial tangent modulus 
found by test. Perhaps as good a treatment of the variation in 
E as any is that. embodied in the parabolic theory of flexure of 
reinforced concrete beams developed by Talbot. According to 
this theory the initial tangent modulus is employed, and the 
decrease in E with increase of concrete stress is taken care of by 
the assumption of a parabolic stress-strain relation. If working 
stresses in flexure are chosen with a full consideration of the 
parabolic stress relation existing at the ultimate load on the 
member, a further compensation by the use of a low value of E 
becomes unnecessary. 

Regarding the value of E to be used in determining the relative 
stiffness of rigidly connected columns and girders in frame analy- 
sis, it should be remembered that in general only relative values 
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of E for the different members are needed and it seems logical to 
use for this purpose the initial test values. 


Column formulas in common use involve the quantity, n, or 
ratio of E for steel and concrete. For a study of stress distribu- 
tion at working loads, which is not generally of particular im- 
portance, such a formula may be useful, but for ultimate loads 
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it is doubtful if the ratio, n, has any particular significance. The 
factor of safety of a column depends upon the ultimate load that 
can be carried, and it is quite well established that the ultimate 
load is a function of the strength of the concrete and of the stress 
near the yield point of the reinforcing steel. At the ultimate load 
on a spirally and longitudinally reinforced column, there is so 
much plastic deformation that the ratio of elastic moduli, n, has 
no meaning. 
CONCLUSION 


This discussion was intended to show that while the effect of 
certain variables upon the modulus of elasticity E, may be iso- 
lated and studied, it is hardly possible to express the value of E 
as a constant times the compressive strength, f,. 

In general, values of ”/f; are relatively high for the weaker 
concretes, as produced by wet consistencies, lean mixes, fine 
gradings of aggregate and early ages. High absolute values of E 
are obtained by long curing, by the use of well-graded aggregates 
of selected quality, by the use of fairly stiff consistencies and 
medium richness of mix. 

For a concrete for which only the strength, f., is specified, the 
relation E = 1000 f, may be greatly in error. From the data of 
this discussion it appears that the value of E for 28-day concrete 
of the type of mixtures in general use in construction will not 
vary greatly for a considerable range of strengths. Values of E . 
varying from 3,000,000 lb. per sq. in. for 2000-lb. concrete to 
4,000,000 lb. per sq. in. for 3000-lb. concrete and stronger repre- 
sent the range to be expected. The corresponding values of n 
range from 10 to 7.5. 

The comparatively small range in n just stated leads to the 
thought that a constant value of n, such as 9, might be used with 
less error than that existing under the present code provisions. 
In some ways a constant value of m would seem advantageous. 
The use of high strength concrete in exterior building columns 
and in rigid frames would be quite effective since increasing the 
strength of the concrete would not increase the stiffness and thus 
would not increase the induced bending moments which are so 
often difficult to handle. For the case in which = for columns is 


much less than that of the adjoining girders, a large bending 
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moment could thus be provided for by increasing the column 
strength (without increasing the moment to be carried) or better 
still by increasing the concrete strength and decreasing the 
column area, thus decreasing to a greater degree the value of I 
and of the corresponding induced bending moment. 


The use of a constant value of n would introduce some simpli- 
fication of beam design, though the effect of a considerable varia- 
tion in m may be shown to have comparatively little effect upon 
the actual design of a beam section. 


Whether or not the value of n should be considered constant, it 
seems certain that it should not vary as widely as is indicated by 
the equation E = 1000 f,. Hence, in several parts of the paper 
by Prof. Cross where, in accordance with the Joint Building Code, 
FE has been considered proportional to f,, some modification of the 
argument may be advisable. Thus the variation of at is not 


necessarily proportional to values of a as stated in the intro- 


duction. Neither is it certain that an increase in concrete strength 
in eccentrically loaded columns will actually weaken the column 
as indicated in the section on high strength concrete. 


The suggestion is made by Professor Cross that the resistance 
of concrete to bending is limited, not by its strength but by the 
deformation produced, assuming the column to be subject to a 
practically irresistible rotation. The statement is frequently 
made that all concretes fail in compression at a unit deformation 
of about 0.0015. However, there are some known exceptions to 
this generalization. Data from neat cement cylinders given in 
Table 2 show unit shortening at maximum load as great as 0.0036. 
These cylinders were very “rubbery” and would recover a large 
part of this deformation if the load were removed before the 
cylinder actually broke. They also broke violently at failure 
due to the large amount of energy stored in them. While these 
neat cement cylinders do not represent concrete in practical use, 
they are cited as an indication that very rich concretes will have 
a greater ultimate deformation than the oft-quoted value of 
0.0015. Another exception to the rule is found in beam tests in 
which the compressive strength of the concrete is actually 
developed. Slater and Zipprodt! gave data on the ultimate con- 
crete deformation of 23 beams having high compressive stresses; 
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of these 8 showed unit deformations of 0.0025 to 0.0033 and the 
remainder from 0.0017 to 0.0024. Talbot*® showed the results 
of several highly reinforced concrete beams in which the concrete 
deformation at ultimate load was as much as 0.0020 to 0.0030. 
It seems logical that when the deformation of an extreme fiber 
is involved the adjacent fibers offer enough support to permit a 
large amount of plastic deformation at the surface, as explained 
by the second and fourth degree parabolic variation of stress used 
respectively by Talbot and Slater. It appears, then that the 
assumption of a constant maximum deformation in eccentrically 
loaded columns of different mixes and of different proportions of 
direct and bending stress may not be a reliable criterion of ulti- 
mate strength. 

This paper by Professor Cross has raised many questions of 
interest to the forward-looking designer, and has presented some 
new viewpoints that are sure to be very helpful. It is hoped that 
the discussion will bring out further information on physical 
properties of the materials of construction which will supplement 
the logical structural analysis presented. 
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AUTHOR’S CLOSURE 
BY HARDY CROSS 


The two papers which the writer presented in the December 
Proceedings are closely related to each other. The exact analysis 
of moments in rigid frames depends a good deal on the assumed 
action of the columns in flexure. On the other hand, it is evi- 
dently futile to compute the bending moments in the columns 
with more precision than can be justified in the design of these 
columns. The discussions of the two papers have served to 
bring out very clearly several important aspects of the subject. 

Much of the fascination of the study of reinforced concrete 
design arises from the fact that problems must be considered from 
several angles in order to develop clear ideas for design. Neither 
laboratory experiment, nor field observations nor mathematical 
analysis nor detailing against all possible modes of failure can be 
called the only scientific method of study, nor has anyone of them 
shown uniformly superior results as compared with the others. 
Each of them has at times proved powerfully illuminating and at 
other times very misleading . Nowhere is this more true than in 
the study of concrete frames. 

It is beginning to be generally recognized that the exact details 
of the design of beams and columns for known moments and 
forces has been carried to great extreme compared with the prob- 
lem of what moments and forces these members have to resist. 
On the other hand, there is a tendency in the hands of many 
students to carry the elastic analysis to a point which is futile in 
view of uncertainties as to the action to the structure. 

The paper on Flexure of Columns points out certain conse- 
quences of the existing Building Code of the Institute. It was 
intended to indicate questions which may form a basis for further 
discussion. Both papers were written largely from the viewpoint 
of one who is interested primarily in the design of structures and 
addressed to men who are concerned, as Mr. Cutler is, with 


a 
or 


Reinforced Concrete Columns Subject to Flexure 793 


definite problems affecting construction; but they involve also 
several matters of great interest to research men. 

Mr. Roy and Professor Richart have reported most valuable 
studies. Apparently the modulus of elasticity of concrete is 
erratic, but more or less constant from one job to another:so far 
as the designer is concerned. Two slightly different questions are 
involved: the first is the prediction of the modulus of elasticity of 
concrete for a given strength at a particular job; the second is the 
question of how this modulus will porbably vary with variation in 
the strength of the concrete at this job. It has alwaysseemed to the 
writer most improbable that an engineer can predict with assur- 
ance that in some structure which will be built from his design 
next month in another section of the country, the modulus of 
elasticity of concrete will have a definite value of three million 
pounds per square inch. This does not, however, affect the 
question of whether this modulus, whatever its value, will prob- 
ably be increased or decreased by increasing or decreasing the 
strength of the concrete at this job. 

There is a good deal of evidence indicating that increase in 
strength under given conditions will usually be accompanied by 
increase in modulus. Some of the data presented by Mr. Roy 
and Professor Richart indicate that this increase will not continue 
indefinitely, but only for moderate increases in strength. But it 
appears from the data which they have presented that quantita- 
tive statement of the relation of increase in modulus to increase in 
strength is not now possible. Certainly, there is enough difference 
in the evidence from different sources to dictate caution in the 
acceptance for general application of the values referred to by 
Professor Dunagan. 

The paper indicates that the assumption as to the relative 
modulus of girders and columns affects very largely the resulting 
moments in the columns. On the other hand, it should be empha- 
sized that it does not ordinarily affect very much the resulting 
moments in the girders. This is indicated in the report in the 
statement that whereas the moments in members transversely 
loaded are usually affected very little by uncertainties as to the 
relative stiffness of the different members, the moments in 
members not loaded transversely, such as columns, are very 
much affected by the relative stiffness. 
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Mr. Cutler’s valuable contribution brings to the front another 
point in the design of reinforced-concrete columns. The axially 
loaded column of reinforced concrete is the exception and not the 
rule. Our codes have been drawn to give in great detail methods 
of design for axial loaded columns and have added supplementary 
comments dealing with flexure. At the present time we cannot 
perhaps do much better than this. Large numbers of building 
columns, however, are subject to temperature stresses of several 
hundred pounds per square inch and usually to additional flexural 
stresses of another two or three hundred pounds per square inch 
from connecting members, so that columns which are designed as 
axially loaded actually have four hundred or five hundred pounds 
bending stressin them. Itis true that the writer personally knows 
of no specific evidence of difficulty from this source in existing 
structures, although he has seen the statement made several times 
that secondary flexure has caused serious cracking of certain 
building columns. It is difficult, however, to definitely identify 
a crack in a building column as being the result of overstress. 


Mr. Roy and Professor Richart indicate some doubt as to the 
probability that increased moment will be accompanied by pro- 
portional weakening of the column. They refer to the parabolic 
theory of stress distribution as indicating their viewpoint. Has 
our code already discounted the yielding of the outer fibres by 
the increased stress permitted in the column for combined axial 
load and flexure? That stress from flexure is less dangerous than 
from axial load seems logical but we have few test data. If the 
figures shown by Mr. Dell are replotted so that the computed 
values pass through the axial load which produced failure, they 
will be found to coincide nearly exactly with the curve of loads 
at failure for different eccentricities. This does not indicate any 
substantial relief of the outer fibres of the concrete when the - 
column is flexed. These tests indicate very well that the moment 
is quite as important as is the axial load. 


The writer has heard the tests reported by Mr. Dell cited in 
support of the theory of the cracked section and of the cubic 
equations exhibited in our literature. The proximity of the two 
curves for design drawn by Mr. Dell shows why these data can 
not be used in support of either the theory of the cracked section 
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or of the uncracked section. Mr. Dell’s contribution confirms the 
writer in his opinion that reinforced concrete columns in flexure 
can be designed quite well enough by the formulas given in the 
paper. 

Another phase of the whole problem of continuity in concrete 
frames needs further consideration. The flexural stresses in the 
columns are of the nature of what is called secondary in steel 
design. This means that they are objectionable but are not 
usually depended on to carry the load, and that consequently the 
beginning of failure from this source will not at once involve fail- 
ure of the structure because the load will not so definitely follow 
up such initial failure. This seems an important distinction 
between secondary and primary stresses. We are justified in 
using higher stresses where the stresses are not counted on to carry 
the load. When we depend upon such stresses to actually sup- 
port the structure, we should correspondingly reduce the allowed 
stress to that permitted for primary stresses. Under existing 
specifications it is sometimes more economical to depend upon 
flexure of the columns, using the increased permissible stresses in 
columns in flexure, than it is to carry the load by flexure of the 
girders. If this is done, the column flexure is primary. 

The writer hopes that these papers may be of some service to 
those who are really interested in correct solutions of the prob- 
lems involved. But the whole subject will not be cleared up in a 
day, for several of the problems have apparently been studied 
little and there is no general agreement on most of them. What is 
needed now is further discussion and study—not immediate 
standardization. . 

With this view Professor Hickerson probably does not agree. 
Nevertheless the writer is convinced that too hasty standardiza- 
tion in this field will be unfortunate. The preparation of office 
standards for the case of equal span lengths need not be very 
laborious or expensive, but such standards will be rather compli- 
cated if they recognize the important variables, (a) relative stiff- 
ness of columns, (b) relative width of columns, (c) relative inten- 
sity of live and dead load. If they do not recognize these, they 
will create the same false feeling of accuracy as do the elaborate 
curves for the analysis of rectangular columns in flexure when they 
neglect the existence of side steel in the column. 
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The better class of engineers will prefer to be quite clear as to 
the basis of computation of such standards and will check them 
before using them. In order to be useful, then, such standards 
must state very clearly: 


(1) For what conditions of loading the maxima are computed. 
It seems to be generally agreed to neglect the effect on the girders 
of loads on other floors, but there is no agreement on this point. 
with regard to column moments. There is also some difference in 
practice with regard to combinations of loads on one floor for 
maximum girder moments. 


(2) What assumption is made as to flexural action along the 
girder. Is the girder treated as a prismatic member between 
centers of column axes or is it assumed that no deformation takes 
place in the girder beyond the face of the column or is some com- 
promise adopted? This is an important matter as discussed later. 
Any set of standards which gives moments based on the clear 
span but neglects the ratio of total span to clear span is entirely 
misleading and probably worthless. 


(3) Whether L is to be taken for the clear span or for the 
total span. 

The writer looks forward with interest to the publication of 
Professor Hickerson’s curves. But whatever specifications he 
lays down for their preparation, he will be fortunate indeed if he 
does not find many engineers who disagree with him on some 
detail. What the writer hopes for is a permissive clause encour- 
aging the use of elastic analyses. Some of them will not be quite 
correct, but the designs will probably be no worse than those made 
with conventional coefficients. After differences of opinion are 
straightened out, more definite specifications may be drawn. At 
the present time most designers think that an exact analysis of a 
rigid frame is a purely mathematical procedure involving no 
assumptions whatever. It should be clearly understood that 
where the columns have appreciable width, analyses made by 
slope-deflection, for example, are not exact. 

The writer wishes, then, to emphasize further one point in the 
Report on Rigid Frames. On page 175 there is a paragraph 
dealing with “Span Length.” Ordinary methods of analyzing 
rigid frames, such as slope-deflection, take no cognizance of the 
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ratio of clear span between centers of columns. Many analyses 
of rigid frames have been presented as exact analyses in which 
the moments are computed on the clear span and the structure is 
treated as if it were a line diagram having these clear spans. 
This is definitely wrong and may lead to quite large errors in 
design moments. To attempt to exactly analyze a rigid frame on 
any such basis is a waste of time and money, because it represents 
no conceivable action of the structure. 


No attempt was made in the report to allow for the ratio of 
total span to clear span, the girders being treated as of uniform 
section to the center line of the column. Correction for the 
effect of the merging of girder and column may be made approxi- 
mately by increasing the fixed-end moment in the ratio of total 
span to clear span. The fixed-end moment for uniform load is 
1/12 wL’, where w is the load per foot and L the span center to 
center of columns, if the columns have no width. But if the 
columns have a width equal to 1/10 of the span, this fixed-end 

“moment may be taken as approximately 1/11 wZ?, and for a 
width of column equal to 2/10 of the span, the fixed-end moment 
may be taken approximately as 1/10 wl. 


All analyses—by any method—must be based on the total 
span. It does not make very much difference what the exact 
values of the relative stiffnesses are nor what the carry-over 
factor is, but it makes a great deal of difference what the fixed- 
end moment is. It may-be added that, if the columns have 
appreciable width. the stiffness is not exactly proportional to Z 


nor is the carry-over factor exactly equal to —)4. 


The variable ratio of total span to clear span is much more 
important in determining moments in the girders than are small 
differences in the relative values of J. If Mr. McCormick will 
redesign his frame assuming no flexural deformation in the girder 
after it joins the column face or in the column above the bottom of 
the girder—or on any reasonable assumption of this nature—he 
will discover other elements in the problem besides sidesway. 
Mr. McCormick, however, has correctly interpreted the statement 
twice made by the writer in the report, that the Method of 
Moment Distribution, as it is given there, neglects sidesway. In 
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the writer’s paper ‘Continuity as a Factor in Reinforced Con- 
crete Design” he will find sidesway discussed and a method of 
allowing for it is there presented with an example. But Mr. 
McCormick is entirely wrong in thinking sidesway an important 
factor in design for vertical loads, even in the peculiar case which 
he shows and on the assumption that his bent is free to sway. 
Ordinarily such a bent would be connected to other bents by a 
slab which would resist strongly sidesway of any one frame. 

Finally, attention is called to the generally profound signifi- 
cance of the contribution by Mr. Roy and Professor Richart. Do 
we really know anything consistently about the modulus of 
concrete? Are our nice computations for amount of compressive 
reinforcement in girders and in column wasted? Does it really 
make any great difference? It does not materially affect the 
amount of tensile steel. If it is correct that in compression the 
ultimate strength of the concrete is added to the yield point 
strength of the steel before failure, the value of n is of no great 
importance in reinforced concrete design and we may as well dis- 
card much of the elaborate algebra which occupies so much space 
in the text-books. The present tendency is distinctly in that 
direction. A simpler and less fussy theory is being evolved, but 
one which is a more useful tool to the designer. 


MAKING AND Piactina ConcrETE REVETMENT Mat, 


VicksBURG ENGINEER District* 
BY MORRIS W. GILLANDT 


STABILIZATION of caving banks has long been recognized as 
one of the outstanding problems in man’s efforts to curb the 
Mississippi river. It is not the purpose of this paper to discuss 
the causes of caving banks, nor their effect upon navigation and 
flood control, but to describe revetment construction methods 
now employed in the Vicksburg Engineer District. 

Until recent years, mattresses made from willows have been 
standard for subaqueous revetment. These willows grow on 
sand bar formations between the levee lines along the river. 
This supply of willows becomes inaccessible during river stages 
from somewhat below bankfull to flood. Moreover, as revetment 
construction programs were enlarged, it was seen that the avail- 
able supply of willows could not keep pace with increasing needs; 
a suitable substitute was accordingly sought. - 

In 1914, funds were allotted and experiments initiated in the 
several Mississippi river commission districts for independent 
development of suitable concrete mats. The earliest attempts 
strove to augment rather than to supplant the willow mat; 
present results indicate that in all save special situations the con- 
crete mat is equal to and cheaper than the willow and can be 
made and placed more rapidly. During the construction season 
of 1929 just completed in the Vicksburg Engineer District, all 
revetment construction was, for the first time, entirely of con- 
crete. 

TYPE OF MAT 


The articulated type of reinforced concrete mat is used in the 
Vicksburg Engineer District. The unit of this type is the mat 


*Presented at the 26th Annual A. C. I. Convention February 1930 
+1st Lieut., Corps of Engrs., U. S. Army. 
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section, consisting of 25 slabs cast on a single integral piece of 
wire reinforcement. Each slab is 3 in. thick, 11 in. wide, and 3 
ft. 10 in. long. The reinforcement is a 12 x 12 in. wire mesh. 
Two No. 12 gage wires are placed in the ends of each mat section 
to provide a twisted union with next succeeding section as later 
described in mat-sinking operations. Because of the general 
overall dimensions of one of these mat sections (4 ft. x 25 ft. or 


100 sq. ft.), this unit is commonly called a “square,” with a 
volume of 25 cu. ft. 
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Fig. 1—REINFORCING FABRIC FOR ARTICULATED CONCRETE 
MATTRESS—-FENCE TYPE 


LOCATION OF MANUFACTURING UNIT 


The unit or field party which manufactures the mat sections is 
known as the concrete casting plant. It is located on the river- 
side of the controlling levee, on the southern edge of Greenville, 
Miss. A spur of the C. & G. R. R. lies along the river bank at the 
site. Rail operations can be.carried on throughout river stages 
up to 6 ft. over bankfull at Greenville; in other words, several 
feet above stages that will permit revetment construction. 

A steam locomotive crane serves as yard engine and unloads 
bulky shipments such as wire reinforcement for the casting plant 
and materials for revetment field construction parties. 
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MATERIALS 


Aggregates: Sand and gravel are from a Mississippi river bar 
5 miles north of casting plant site and are washed and separated on 
the gravel digger at the bar. The gravel has a maximum size of 
2 inches. The sand is rather fine; the fines predominate and are 
uniformly graded, producing a tendency to exude free water on 
the surface of the concrete shortly after finishing, even though 
the driest mix consistent with workability is employed. 

Cement—The cement used is a U.S. portland cement, standard 
except that 7-day strength must be attained in 4 days. Ship- 
ments are received by rail on the concrete casting plant spur. 
The cement is handled in cotton sacks from the box cars: to 
covered cement storage barge on a roller conveyor, three sacks 
at a time on wood pallets, and stacked on the barge by hand. 

Reinforcement is received on the casting plant spur track in 
gondola cars, in rolls 300 ft. long. These are unloaded upon the 
bank by the locomotive crane and rolled by hand to the waters- 
edge. They are then unrolled, flattened by passing through a set 
of three rollers, and cut into 25-ft. lengths with bolt cutters. 
The wires of the reinforcement (Fig. 1) are drawn from mild 
copper bearing steel and are heavily galvanized to prevent 
corrosion. All cross wires and the interior longitudinal wires 
are No. 7 gage, while the exterior longitudinal wire is a No. 4 
gage. All joints are bonded by a mechanical non-slipping wrap. 
Welding of joints has been found to destroy the galvanized 
coating of the wires, with rapid corrosion at external joints. 
Modification of specifications has been considered whereby 
interior joints may be welded and exterior joints made by 
mechanical wrap. Ultimate tensile strength of wires is from 
65,000 to 80,000 lbs. per square inch. Necessity for fitting forms 
permits very small tolerance of spacing of wires in reinforcing 
mesh. 

Craft Paper is used to separate successive superimposed layers 
of mat sections. It is a 50 lb. basis paper, known commercially 
as “Craft.”’ Oiled, or heavier paper for cold and wet weather 
has been dropped from consideration, since the doubling of the 
present paper produces the desired results, i. e., prevention of 
sticking, with less cost. The paper is shipped in by rail in 200 
Ib. rolls. These are cut into 25-ft. lengths and rolled up into 
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small, easily handled tubes in the paper storage barge. This is 
at present a hand process; investigation is being made into the 
design of a machine for this operation. 


Floating Plant and Equipment—The major items of floating 
plant and equipment required for a single 10-hour shift with 
average output of 800 squares per day is as follows: 

1 mixer barge 
2 cement barges 

16 to 24 casting barges (in line) 

40 casting barges (in curing storage) 
2 shop barges 
8 spar and header barges 
1 quarterboat 
2 small towboats 
1 gravel digger 
6 to 8 gravel and sand barges 
2 gasboat tenders ~ 

2000 sections of mat forms 
roller conveyors, sack shaker, gasoline barge 
pumps, etc. 

The number of casting barges given above is based on 14 day 
cure in good summer and fall weather and continuous operation 
of revetment field construction parties close at hand for steady 
return of empty barges. At least 20 additional casting barges 
are desirable to avoid delays when these conditions do not obtain. 
A brief description of each of the above items of plant follows. 

Mixer Barge—The general layout of the mixer barge is shown 
in Fig. 3. It is of steel, 36 ft. x 120 ft. A covered cement storage 
barge of standard size houses the cement supply and is lashed to 
the downstream end of the mixer barge. The cement barge is 
equipped with two belt conveyors; cement is dumped by hand 
from sacks upon one horizontal conveyor which lies entirely 
within the cement house. This conveyor carries the cement to 
a second conveyor which raises it on an incline to the 11-ton 
cement hopper on the lower end of the mixer barge.. The hopper 
is equipped with a weighing batcher. 

Aggregates are in a sand and gravel barge, tied on the outside 
edge of the mixer barge. A partition separates the sand from 
the gravel. Aggregates are transferred from barge to bin by 
two electric locomotive cranes each with 45 ft. boom and 34-yd. 
bucket. The 150-ton sand and gravel hopper is equipped with 
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weighing batchers, and with steam coils for heating aggregates 
during freezing weather. A 50h. p. vertical boiler furnishes steam 
for the coils, with bunker oil as fuel. 


To reduce list or sideroll of mixer barge, metacentric height 
was kept low, but necessitated a double lift of materials. Mixers 
are elevated, and aggregates transferred from bin to mixer by 
two tram dump cars (one for cement and one for sand and 
gravel) and individual elevating power loaders. 


Two l-yd. concrete mixers operate on staggered cycles and 
discharge into individual reservoir hoppers. These hoppers dis- 
charge into a l-yd. bottom dump bucket which distributes the 
concrete to the forms by moving out on a trolley along an I-beam 
boom. The clearance of the bucket over the forms is regulated 
by an electric power hoist. 


Electric water pumps under the gravel hopper supply water to 
reservoir and measuring tanks above each mixer. Mixing water 
is heated by live steam during freezing weather. 


An electrically driven air compressor in the engine room 
operates two sprays for oiling the forms. The sprays, near the 
boiler, consist of two counter balanced pipes with rubber hose 
connecting to spray heads in the manner common to many 
types of automobile filling station air units. 

The mixer barge, with its attached cement and gravel barges, 
is moved along the line of casting barges by up- and down- 
stream wire rope cables which lead out from two electric towing 
winches. 

All units on the mixer and cement barges are electrically 
operated. Power is furnished by a 225 h. p., 4-cycle, 6-cylinder 
Diesel engine direct-connected to a 440 volt A. C. generator. 


Electric power with its attendant advantages of remote con- 
trol has been utilized wherever possible. Every machine operator 
has been placed where he can best view his job. The operator who 
spots the mixer barge opposite forms on casting barge is placed 
with his control boxes under the mixers and in prolongation 
with the boom. The bucket operators ride on a seat on the end 
of the bucket; one operator regulates rate of travel along the 
boom and the opening of the bucket dump, the other adjusts the 
clearance of the bucket over the forms. The electric cranes move 
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on a slightly elevated track so that the operator may command 
full view of the gravel barge while rear of crane will clear all 
persons or machines working on deck of mixer barge. 


All electric equipment operates with 3 wire system. Nothing is 
grounded to the barge; the cranes and tramcars operate from 
carefully insulated three-rail trolleys. 

A 10-K. W. 110 volt, electric generator, driven by pulley and 
belt from the main generator shaft, provides current for flood 
lighting. the mixer barge and pouring and finishing for night 
operations. Current for other night operations on the bank and 
along the line of spar barges (cleaning and placing forms) as well 
as for the sack shaker, is furnished from Greenville. Five 1000 
watt flood lamps and numerous smaller lights at cranes, mixers, 
batchers, etc., are on the mixer barge. The bank and spar barge 
lines are 500 watt lamps at an average spacing of 250 feet. 


Casting Barges are standard decked scows, 30 ft. x 120 ft. x 7 
ft. They may be of all steel, all wood, or composite (steel framed, 
wood covered) construction. The type of barge construction 
governs the capacity in squares of mat which may be loaded 
upon the barge, varying from 250 for all-wood to 300 for all- 
steel. 


Mat sections are cast in tiers with aisles between; the number 
of tiers per barge and number of mat sections per tier vary with 
type of barge and location of hatches. The normal loading of a 
standard steel barge consists of 20 tiers of 15 sections each. 

The type of mat, with interior crossmembers on forms, requires 
complete removal of forms before next mat section can be super- 
imposed; hence the line of casting barges must be sufficiently 
long to permit final set of concrete, removal, cleaning and resetting 
of forms prior to next run of concrete. Under average conditions, 
preparation of forms may be undertaken 4 hours after previous 
pouring; allowing 1 hour for preparation, each barge will be cast. 
upon every 5 hours, or twice per ten hour shift. 

With the average output of 80 squares per hour, pouring on 
barges of 20 tiers each, 20 barges will be required for continuous 
casting for five hours. At least two more barges must be in line 
to permit taking loaded barges out of line and replacing with 
empties in order not to interfere with continuity of mixer barge 
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operation. This computation illustrates conditions which govern 
length of line of casting barges. 


Cement Barges are standard barges upon which has been placed 
a house of wood framing covered by galvanized corrugated iron. 
Each cement barge is equipped with two electrically driven belt 
conveyors as previously noted in the description of the mixer 
barge. 


Shop Barges are standard barges with wood houses superim- 
posed. One contains a combined carpenter and blacksmith shop 
for minor fleet and machine repairs; the other storage space for 
craft paper and empty cement sacks, as well as an electric sack 
_ shaker. : 


Spar and Header Barges—Standard barges are sparred out from 
the bank opposite every third casting barge to provide semi- 
permanent mooring for the line of casting barges. To provide 
sufficient “lead” for the up- and down-stream towing lines of the 
mixer barge, header barges must be placed at each end of the 
casting barge line. Old barges, incapable of bearing heavy loads 
and deep draft are thus utilized. Their number is further reduced 
by placing shop barges in the setup. 


Spar barges are used to store distributed equipment and sup- 
plies, such as spare forms, paulins for covering mat in cold or 
wet weather, small No. 12 wires for ends of mat sections, and to 
support lights for night operations. The substitution for spar 
barges of a row of pile clusters is contemplated before the opening 
of next season. 


Quarterboat—Most of the labor employed at the casting plant 
lives in the city of Greenville. However, a standard 2-story 
quarterboat is needed to quarter the personnel necessary for 
proper safeguarding of plant and property during emergencies and 
at night. , 

Towboats are 200-h. p. stern wheel boats. One is kept busy 
towing gravel and sand barges from digger to casting plant and 
is double-crewed. The other, single-crewed, performs necessary 
harbor work in shifting loaded barges from line to curing fleet, 
across the river, in replacing loads with empties, in spotting 
cement and gravel barges at the mixer barge when needed, ete. 
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The double-crewed boat also provides for emergencies during 
the night, principally in the event of fire or storm. 


Sand and Gravel Barges are standard steel barges on which 
are placed boxes for the sand and gravel. The braces or knees 
which hold the sides of the boxes are steel; the siding is 4-in. 
lumber. The sand box and partition is 3 ft. high and approxi- 
mately one half the size of the gravel box which is 1 ft. high. 
Greater height for the gravel box has been found unnecessary 
due to the natural piling of the gravel heaps. Each barge holds 
200 cu. yds. of gravel and 100 cu. yds. of sand. 


Gasboat Tenders, powered by 50-h. p. marine gasoline engines, 
are used to transport personnel and supplies; one for the curing 
fleet and one for the gravel digger. 


The Gravel Digger is a 12-in. steam operated suction dredge 
which pumps the aggregates over \4-in. grizzly bar screens. 
Two features are worthy of note: the upper discharge box and 
washing table, and the discharge chute and flipper pan over the 
gravel barge are rubber lined; an adjustable baffle plate under the 
. lower end of the grizzly bars catches a portion of the sand 
washed through the bars and bypasses the sand through a 
flexible rubber elbow which connects with a 20-ft. section of 
light steel pipe. A light boom rig supports this pipe section and 
permits it to be swung horizontally so as to discharge on the 
lower end of the sand and gravel barge placed alongside the digger. 
In this manner both sand and gravel are simultaneously pumped 
on the same barge. The 16-ft. grizzly bars so completely de-water 
(and de-sand) the gravel that it is necessary to keep the gravel 
moving by pumping water from a small auxiliary pump to the 
head of the discharge chute. 

The rubber lining was installed in October 1928 and is still in 
use. The only replacement required was a piece of 2 sq. ft. set 
in just below the lower end of the grizzly bars and at the head of 
the discharge chute. The rubber installation has been very 
satisfactory. 


CASTING MAT SECTIONS 


Steel mat forms are used (Fig. 2). Sliding clips which engage 
the wires hold the reinforcement in place in the center of the 
slab. The side pieces of the form are 3 x 2 x 3¢-in. angles, the 
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cross members of 20 gage sheet steel shaped as required with 
welded seam along bottom of member. The end cross members 
are a special shape of 3¢-in. steel. Wooden forms formerly used 
were discarded in favor of steel forms, since steel forms cost less 
in repairs, stripping and cleaning; hold reinforceing more accur- 
ately in place; are more accurately aligned and hold alignment 
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Fig. 2—CoNcCRETE MAT FORM 


during pouring and finishing processes; require less time and 
labor to produce a satisfactory product. 


SEQUENCE OF CASTING OPERATIONS 


To supply a uniform production of mat sections to revetment 
field construction parties the casting barges must be so loaded as 
to permit approximately three completely loaded barges per day 
to be. withdrawn from line, and replaced by a like number of 
empties. This requires, after a cessation of work, the skipping of 
certain barges in the line until a line shall have been established 
with barges in varying stages of completeness as to loading. 
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To give a proper picture of the cycle of casting operations it will 
be assumed that this loading echelon has been established. 
Then we will start at that stage of the cycle immediately follow- 
ing the completion of the previous pour upon any one unfinished 
barge. Favorable weather and temperature conditions are 
assumed. 


Thirty minutes after pouring, two laborers go along the barge, 
disengage the reinforcement retaining clips in the forms, and 
carefully raise the forms about two inches letting them settle 
back to the extent caused by the dead weight of the form. This 
destroys practically any bond between block and form slightly 
before initial set. 


Four hours after pouring the form cleaning gang lifts the forms 
and placing them on top of the mat section last made, proceeds 
to clean the forms. This cleaning is accomplished by lightly 
tapping and scraping the form section with small steel scraping 
tools. 


This gang is closely followed by two small gangs which place 
reinforcement and craft paper. These materials are carried 
along the inside of line in small wood caulking flats. 


Another gang follows up directly behind, lifts the form sections 
and reinforcement forward to the next tier, unrolls the craft 
_ paper separator, sets the reinforcement on the paper, places the 
form sections over the reinforcement, aligns the form sections and 
engages the reinforcement in the clips. The careful alignment of 
forms is very necessary to secure a straight line of the edges of the 
mat sections, else great difficulty will be occasioned field con- 
struction parties when the mats are assembled as later described. 


The mixer barge, with its attached cement and gravel barges 
follows closely after. Several tiers in advance of the boom and 
bucket, two laborers spray the interior surfaces of the forms with 
oil. The mixer barge places an average of one square every 45 
seconds. A general distribution of concrete along the form is 
effected by the bucket operator. Two laborers with broad hoes 
spread the concrete laterally to the edges of the forms. A gang 
promptly works and roughly smoothes the concrete with flat, 
square pointed, short handled shovels. A small gang with 
similar shovels follows carefully dressing the surface and insuring 


ee sill 


ait 


Making and Placing Concrete Revetment Mat 809 


a firm and complete working of the concrete into all parts of the 
form, and cleans surplus concrete from the deck of the barge. 


The entire operation proceeds from the lower (downstream) 
end of the line. This direction is based on the handling of the 
mixer barge; it can be spotted more quickly and accurately when 
pulled against the current; it can be moved more rapidly down- 
stream from one end of the line to the other, when the end of 
line is reached and the run must be recommenced. Fig. 16 shows 
casting layout and curing fleet moored across the river. 


FORCES REQUIRED FOR OPERATION OF CASTING PLANT 


SUPERVISION AND ADMINISTRATION 
1 general foreman 
1 assistant foreman 
1 inspector (tests, etc.) 


MIscELLANEOUS 
7 clerks, property men, 
keepers. 
13 laborers (cooks, flunkies, etc.) 
10 white 
13 colored 


BANK GANG 
1 foreman 
1 crane engineman 
25 laborers 
2 white 
25 colored 


MAINTENANCE GANG 
2 carpenters 
1 welder 
3 white 


REINFORCEMENT GANG 
1 foreman 
4 laborers (cutters) 
4 laborers (carriers) 
2 laborers (placers) 
1 white 
10 colored 
FORM CLEANING GANG 
1 foreman 
12 laborers (cleaners) 
2 laborers (slippers) 
“1 white 
14 colored 


time- 


PAPER GANG 
2 laborers (cutters) 
1 laborer (carrier and placer) 
3 colored 
MIXER BARGE: 
1 inspector 
2 cranemen 
1 Diesel engineer 
1 electrician 
1 winchman (mooring barge) 
1 winchman (bucket) 
1 laborer (bucket helper) 
2 winchmen (mixers) 
2 laborers (tramcars) 
1 laborer (tramcar dumper) 
2 laborers (batchers) : 
1 laborer (reservoir hoppers) 
1 foreman (dressing gang) 
20 laborers (dressing gang—rough) 
6 laborers (dressing gang—fin- 
; ishers) 
6 laborers (cement house) 
12 white 
37 colored 


CURING FLEET 
2 foremen 
2 gasboat eoginemen 
10 laborers 
4 white 
10 colored 


FLEET GANG i 
1 foreman 
12 laborers 
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GRAVEL DIGGER: 


1 steam engineer 4 deckhands a 
2 assistant steam engineers 2 mess and quarters 

2 dredge runners 5 white 

2 firemen _ 10 colored 

2 oilers 


PLACING OF REINFORCED CONCRETE REVETMENT 


General—The type of caving bank usually encountered presents 
a nearly perpendicular slope above low water line, and a more 
gradual slope below low water line, frequently approaching a 
3 or 4 to 1 slope. Conditions of course vary, sometimes com- 
pletely reversing the above-stated general condition. 

In approaching new revetment work the normal sequence of 
operations is 
. Clearing 
. Grading 

Subaqueous mat 
. Upper bank paving. 


So S'S 


Q 


Clearing—All trees and underbrush on the river bank are cut 
down and cleared for an average distance of 100 ft. landward 
from the upper edge to be established by the proposed grading. 
Brush and timber so cut down are carried landward beyond the 
line of the clearing and may not be placed in the river. A bank 
thus cleared facilitates grading operations and reduces likelihood 
of creation of snags should further caving result prior to placing 
of revetment. 

Clearing is normally performed by hand; removal of stumps 
may sometimes be aided by the use of explosives. When clearing 
is heavy, tractors are of value. The character of the soil in the 
bank must be considered before explosives are used; in certain 
types of soil and under certain conditions of attack, the use of 
explosives may tend greatly to increase the instability of the 
bank. 

Bank Grading—The upper bank grading is accomplished from 
the probable shore edge of the proposed subaqueous mattress to 
top of bank line on a 4:1 slope. All stumps and roots must be 
removed from the grade and the graded surface rendered reason- 
ably smooth. Smoothing is accomplished, where soil conditions 
permit, with leaning wheel road grader and 5 ton caterpillar 
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tractor. In heavy soils and short stretches of repair work saving 
is effected by hand shovel dressing. The river stage at time of 


Jah 


Fic. 4—Srren rorm section ; 


Fig. 5—SECTION OF STEEL FORM FOR ARTICULATED REINFORCED 
CONCRETE MAT. _ Five OF THESE SECTIONS ARE NEEDED FOR 


r 
CASTING EACH SECTION OF “SQUARE” 
Fig. 6—LoaprEp Mat BARGES 
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grading governs extent to which lower edge of upper bank 
grading may be carried. It is desirable that it extend down to 
low water line. Explosives may be utilized to assist in grading, 
but care must be employed in their use. 

Underwater slopes should not be steeper that 1 to 1; indeed it 
is difficult to hold successfully any slope steeper than 3 to 1. 
Where steep underwater slopes exist, it is sometimes advisable to 
sink only the subaqueous mat. Subsequent action of river 
currents may then cause further recession of bank, but the sub- 
aqueous mat, though partially lost, remains as a heel to establish 
the foot of the slope which will gradually, by placing of later 
successive mats, assume a slope which can be held successfully. 

Water pocketed upon the bank in old levee borrow pits, 
ditches, or depressions may, when overbank river stages recede, 
seep through underlying strata of bank and accelerate caving. 
Accordingly drainage ditches are constructed into the river from 
all depressions within 300 feet of the top of bank line, and fre- 
quently from farther distant pools. These ditches must be paved 
for a short distance at their riverside ends to prevent scours from 
draining waters; this ditch paving must be firmly connected 
with upper bank paving to prevent failure along connection. 

Considerable trouble results from underground seepage from 
lakebeds lying to the landside of controlling levees. Proper 
drainage from such sources is much more difficult than in the 
case noted above concerning riverside pools; special study is 
necessary for each locality, and in some instances the problem is 
as yet without solution. 

Bank Grading Operations—Bank grading is usually performed 
by hydraulic graders. These hydraulic graders in the Vicksburg 
district consist of a barge on which is mounted two multiple 
stage centrifugal pumps, driven by steam turbines, which pump 
river water at 250 lbs. per sq. in. pressure through 5-in. pipe 
lines to 114-in nozzles (1)%-in. for sandy bank). These nozzles 
operating on the bank are utilized to undercut the bank material 
and slope off the bank to the desired 4 to 1 slope. The dual unit 
(boiler, turbine, and pump) exists on each grader. Each pump 
operates one nozzle. Four-inch rubber sections provide a flexible 
connection between pipe and nozzle. All pipe sections are con- 
nected by flexible Moran type ball and socket joints. The second 
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story of the cabin erected on each grader provides living and 
messing facilities for the necessary operating personnel. Three 
of these hydraulic graders operate in the Vicksburg Engineer 
District. 


Fig. 7—PAVING SCOURED LEVEE WITH MAT SECTIONS. HAULING 
BY TRACTOR AND WAGON 
Fig. 8—PAVING SCOURED LEVEE WITH MAT SECTIONS 


/ 


An experimental mechanical bank grader was erected and 
operated in the Vicksburg Engineer district during the 1929 
season. This mechanical grader consists of a revolving, levee- 
building steam dragline mounted on two standard steel barges 
placed side by side and firmly connected. The machine was 
originally constructed to handle a 5 cu. yd. bucket on a 165 ft. 
boom. The boom has been shortened to 150 ft. and reinforced. 
Instead of the dragline bucket, earth is moved by a curved scraper 
placed at the end of two dipper sticks. The dipper sticks remain 
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in a nearly vertical position during the earth moving operation, 
sliding up and down in guides on a traveling cradle which moves 
in and out along the lower members of the boom. A dragline 


Fic. 9—PAavING UPPER BANK WITH FLOATING LOCOMOTIVE CRANE 
Fic. 10—AssEMBLING MAT SECTIONS, SINKING BARGE (25 SQUARE 
LAUNCH) 


pulls the scraper-head toward the machine; a backhaul cable 
pulls it toward the top of the bank; two lines govern the travel 
of the cradle along the boom, while a fifth line regulates the 
elevation of the scraper-head and slides the attached dipper 
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sticks through the guides on the cradle. The entire machine 
may be revolved on its turntable or self-propelled on its rail track 
along the barges. Two operators are required to manipulate the 
numerous controls. 

The machine operates with the long dimension of its supporting 
barges parallel to the bank line. Mooring barges, headed into the 


Fic. 11—PaviING UPPER BANK SHOWING MAT-LIFTING FRAME AND 
GRAPPLE HOOKS 
Fig. 12—PaAvING UPPER BANK WITH DERRICK BOAT 


bank, are placed against the supporting barges, above and below. 
The machine and its supporting barges may thus be moved to 
and from the bank between the mooring barges. 

This machine grades 12 ft. below water surface. Following 
preliminary experimental operation at the beginning of - the 
season, and with acquisition of experience in handling by oper- 
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ators, the machine can well be considered a success. The absence 
of water renders its use desirable on sloughing banks; its costs 
during the latter part of the season were lower than those of 
hydraulic graders; it accomplishes underwater grading; on repair 
work on short stretches of bank it is much more economical since 
its mobilization and demobilization is far simpler. 


Fic. 183—END CONNECTING MAT BOAT 
Fic. 14—LARGE MAT SINKING BARGE (35 SQUARE LAUNCH) 


It has the disadvantage of much higher first cost. Contem- 


plated improvements in future design embrace lowering of entire 


machine nearer to deck of supporting barges; lowering of dragline 
sheave; installation of mechanical devices for moving in and out 
along mooring barges instead of present manual operation; 
utilization of Diesel or Diesel-electric power. 


Subaqueous Mat—Subaqueous articulated type reinforced 
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concrete revetment used in the Vicksburg Engineer district con- 
sists of standard articulated mat sections having their outside 
longitudinal reinforcing wires securely fastened to a standard 
steel anchoring cable. “This fastening consists of clips (U-bolts, 
bridge and two nuts, all with japanned finish) set at intervals 
not greater than 5 ft.; each clip encloses in its grip the outside 
longitudinal reinforcing wires of adjacent mat sections together 
with the included anchoring cable. 


An additional fastening, including the same reinforcing wires 
and anchoring cable as the clips, is placed at one foot intervals 
between the clips; this additional fastening consists of a galvan- 
ized wire of No. 12 gage, doubled and tightly twisted. 


Anchoring cable consists of 4% in. or 14 in. standard galvanized 
steel cable having breaking strengths, respectively, of 9,000 to 
10,000 lbs. and 14,000 to 15,000 Ibs. The size of anchoring cable 
used depends on depth of river, steepness of underwater slope, 
and velocity of current in the locality of construction. Normally 
upstream five cables of each mat are 14 in. the remainder 7% in. 

Each anchoring cable is securely fastened to an anchorage con- 
sisting of a deadman, sound stump, or other secure anchorage. 
These anchorages exist or are placed at least 10 ft. inshore from 
the upper edge of the graded bank, and must develop a resistance 
not less than twice the combined ultimate strength of attached 
anchoring cables. Anchoring cables may not deviate more than 
2 ft. from a straight line from the mat fastening to the anchorage. 
Not more than two adjacent cables are fastened to any one 
anchorage. 


Subaqueous mat is assembled prior to launching. The mat 
sections are placed with 25 ft. dimensions approximately per- 
pendicular to top of bank line. Any number of mat sections up 
to capacity of the mat placing barge, may assemble adjacent to 
each other; a portion of mat so assembled is termed a “launch.”’ 
Successive launchings must be continuous from waters-edge to 
deepest water; this continuity is secured by the clip fastenings to 
anchoring cables and by twisting tightly together the wire loops 
in the end blocks of contiguous and abutting mat sections of 
successive launchings. 


A continuous series of successive “launches” from waters-edge 
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to deepest water is called a ‘“‘mat.’’ Work is normally begun at 
downstream end of the proposed revetment. Successive mats 
are overlapped a minimum of ten feet, the upstream mat over- 
lapping the next downstream mat. Overturning of upper edges 
of mat by the current is thus prevented. 


Upper Bank Paving consists of that portion of the revetment 
extending from top-of-paving-line to the upper edge of the sub- 
aqueous mat. The top-of-paving-line is an elevation or contour 
representing the average top-of-bank-line or limiting line desig- 
nated for protection in a given locality; it is usually expressed in 
terms of an elevation on the nearest United States Engineer 
Department river gage. 


The upper bank paving may consist of: 
a. Monolithic reinforced concrete. 
b. Standard reinforced concrete mat sections. 
c. Concrete blocks. 
d. Riprap stone. 


The last two named are laid by hand. Only the first two were 
used in the Vicksburg District during the 1929 season; the follow- 
ing descriptions will be limited to these first two types. 


Monolithic concrete paving—Monolithic upper bank paving 
consists of a sheet of reinforced concrete with minimum thickness 
of 4 in.; 2000 lb. concrete is used. A reinforcing mesh is used 
similar to that for mat sections. 


The concrete is brought to a reasonably smooth surface. The 
reinforcement is finally imbedded, and may not be closer than 
¥ in. to the upper surface of the concrete. Adjacent sections of 
reinforcement are overlapped at least 6 in. Expansion joints are 
provided. Monolithic paving is not placed at temperatures 
below 40° F. 


Anchoring cables of the subaqueous mat are firmly imbedded 
in the monolithic paving. 


An anchoring curb is constructed along the top-of-paving-line 
by digging a trench whose minimum dimensions are 4 in. wide 
and 18 in. deep. The reinforcing mesh of the paving is turned 


820 JouRNAL oF THE AMERICAN CONCRETE INsTITUTE—Proceedings 


down into this trench and both paving and curb are poured 
simultaneously. 


Paving with mat sections—As nearly as practicable, bank pav- 
ing with mat sections is merely a continuation of the sub- 
aqueous mat up to the top-of-paving-line. Wherever possible, 
anchorage cables of the subaqueous mat are included in the fasten- 
ings of the sections of the upper bank paving; except where it is 
thus possible to include anchoring cables, clips are omitted and 
all fastenings are made of twisted wires only. The 25 ft. dimen- 
sion is always placed perpendicular to the top-of-paving-line. 

A variation extensively used this-past season consists of laying 
upper bank mat sections from waters-edge up, overlapping by 
two blocks the upper section over the next lower, rather than 
butting the ends. This method gives a stronger job and obviates 
construction difficulties occasioned by attempting to fit ends of 
sections where the bank contours are irregular. 

When it becomes necessary to overlap adjacent mat sections 
laterally, the upstream section overlaps the downstream square. 


CONNECTIONS 


Connecting Mats—The most desirable condition for construc- 
tion of revetment exists where it is possible to complete grading 
at a low river stage, place subaqueous mat at nearly bankfull 
stage, and complete upper bank paving at a medium stage. Such 
ideal conditions rarely follow in sequence. It is unfortunately 
oftener necessary to place subaqueous work at a low stage and 
complete upper bank paving at a higher stage. 


When this latter condition obtains, it is necessary to construct 
a “connection” from the subaqueous maf to an elevation slightly 
above waters-edge. Such connection consists of a “connecting 


mat” which overlaps the subaqueous mat at least 10 ft. and not’ | 


more than 15 ft. 


Connection between monolithic upper bank paving and sub- 
aqueous or connecting mat is performed, in the dry, by extending 
the reinforcement of the monolithic paving down over the lower 
mat sections for an overlap of 6 ft. Standard monolithic con- 


crete is then poured to a thickness of 2 in. above the mat sections. 


of the lower mat. The consistency of this concrete and the work- 
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manship involved in its placing are such as thoroughly to imbed 
the anchoring cables, exterior reinforcing wires and interstices 
of the mat sections, as well as the overlapping reinforcement of the 
upper bank paving. The concrete of the connection is poured 
practically simultaneously with and thoroughly bonded to the 
concrete of the upper bank paving. 


PLANT AND EQUIPMENT 
The following special equipment is used in concrete revetment 
construction in the Vicksburg District. 
Mat placing barges 
Upper and lower mooring barges 
End connecting mat barge 
Tower paving barge 
Locomotive crane barges 
Derrick barges 
A brief description of each special type follows: 

Mat Placing Barges—During the 1929 season two mat placing 
barges were used. The older and larger of the two permits the 
construction of a 35-sq. launch; this barge is steam powered. 
The squares are transferred from a loaded casting barge lashed 
to the outside of the mat placing barge by two locomotive cranes 
to the sloping deck of the placing barge. Each mat section rests 
on two parallel rows of rollers. Anchoring cables run from reels 
placed under the construction ways and are led back and inter- 
laced through two friction pulleys, through the upper deck, down 
between adjacent mat sections and over the inside curved edge 
of the placing barge. A steam winch drives the pay-off mechan- 
ism through a long shaft and train of gears. The gear train is so 
arranged that mat may be paid off in any one or combination of 
five 7 square sections, or as a 35 square unit. Steam capstans 
on each end of the placing barge provide power for moving the 
placing barge along the lower mooring barges. 

The smaller placing barge provides for a launch of 25 squares. 
A single steam locomotive crane is installed. All other power is 
secured from individual gasoline-engined units. The inner 
(shoreward) side is constructed with a longer overhanging rake, 
which places upper edge of mat nearer to waters-edge than does 
large placing barge. 

Both of the above barges are of steel construction throughout. 
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Lower Mooring Barges—These barges (360 ft. total length) are 
of steel for the large plant and of wood for the smaller. Along the 
downstream edge there is a track along which a heavy trolley 
runs. The placing barge is lashed to this trolley. 


Six steam winches placed at intervals along the lower mooring 
barges furnish power for drawing the mooring barges and attached 
placing barge upstream for sinking successive mats. Hach winch 
is equipped with 1200 ft. of steel cable which is led out through 
a “rooster-head”’ fairlead to fastenings on the upper mooring 
barges. 


Upper Mooring Barges—The upper mooring barges (240 ft. 
total length) serve as a spread anchorage for the cables from the 
lower mooring barges, and are in turn fastened to shore anchorages 
above. They are of wood for the small plant, and of steel for the 
large plant. 


End Connecting Mat Barge—In order to place connecting mats 
with upper edge above the waters-edge, the mat launches are 
paid off over the end of the connecting mat barge whose rake, for 
the first launch, overhangs the bank. The present barge is of 
wood, and provides for a launch of 7 squares. A stiffleg derrick 
transfers mat sections to the construction platform. 


Tower Paving Barge—This barge (Fig. 15) is of special size and 
of steel construction. An Insley Tower, with chute and counter- 
weighted distributing trussed chute distributes concrete for 
monolithic bank paving. A skiphoist conveys the concrete to 
the chute from a l-yd. mixer. Sand and gravel hopper is equipped 
with weighing batchers. Cement is measured by the sack, and is 
conveyed to the mixer by ladder conveyor from a cement storage 
house. A stiffleg derrick loads sand and gravel from an attached 
barge to the hopper. Steam power is utilized throughout. 


The maximum output attained by this plant during the past 
season (and during its use) was 275 squares of standard monolithic 
paving in ten hours. Its average output is 200 squares per day. 


Locomotive Crane Barges—Locomotive crane barges consist 
of a steam railway locomotive crane with 65-ft. boom on a 
standard sized steel barge. Special interior bracing is built into 
the barge. These units are utilized in placing mat sections on 
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the bank, both for connections where upper edge of subaqueous 
mat is barely under water surface and for paving upper bank with 
mat sections. 


The locomotive crane barge possesse | advantages of speed and 
flexibility of operation and the disadvantage of too short reach. 
During low water stages the present equipment cannot reach 
top-of-paving-line with mat sections. 


Derrick Barges—A derrick barge consists of a stiffleg derrick 
mounted on a standard barge. Boom lengths up to 90 ft. are 
available in the Vicksburg district. These derricks are slower and 
of less flexibility of operation than the locomotive crane barges, 
but possess the advantage of longer reach. 


SEQUENCE OF OPERATIONS SUBAQUEOUS MAT 


Following clearing and grading of bank, the next operation in 
revetment construction is the placing of subaqueous mat. The 
following description applies to construction with the large 
placing barge. 

A bank gang of a foreman and 15 to 25 laborers begins the 
construction of anchorages; digging deadman holes, procuring 
logs for deadmen, and securing anchoring cables to anchorages. 
Short pieces of anchoring cable, sufficient to make the fastening 
at the anchorage and reach slightly beyond the waters-edge, are 
secured to the anchorages and led down to the waters-edge. 
The anchoring cables from the mat boat are later tied and clipped 
to these cables. 

Meanwhile the inspector has set up his instrument on the local 
revetment base line and spotted the alignment of the downstream 
edge of the lower mooring barges. The upper mooring barges are 
placed approximately 1200 ft. upstream from the starting point, 
the lower mooring barges and placing barge drop downstream 
to proper starting point, and a loaded casting barge placed out- 
side the placing barge. 

One launch of mat already hangs over the edge of the placing 
barge. Why it is there will later be explained. The placing barge 
is drawn in as close to the bank as possible. Two unloading gangs 
of 6 laborers each take position at the upstream end and middle 
of loaded casting barge and engage the hooks of the grappler 
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frame suspended from the booms of each of the two locomotive 
cranes. These grappler hooks engage the exterior portion of each 
of the transverse reinforcing wires. 


The locomotive cranes transfer the mat sections to the con- 
struction ways of the placing barge. The cranes begin placing 
sections at the upstream end and middle of the construction ways, 
and continue the transferring operation successively toward the 
downstream end. 


Two gangs, one following each crane, place and unhook the 
mat sections from the grappler frames, and assemble the launch 
by fastening clips and twist wires. Each gang consists of a fore- 
man, 6 laborers (placing and unhooking), 5 laborers (fastening 
clips), 12 laborers (twisting wires). 


When the launch is completely assembled the payoff mechan- 
ism is set in motion and the placing barge also moved out along 
the mooring barges at a rate commensurate to the slope of the 
underwater bank and the payoff of the mat. Rate of mat payoff 
is two feet per minute. 
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Previous soundings have determined the underwater bank 
slope; a scale of feet painted along the trolley rail provides a 
measure for the position of the placing barge at the conclusion 
of each launch. 


Successive launches are constructed in like manner, the mat 
being paid off in the manner of a huge roller-topped desk upon 
the completion of assembly of each launch. 


The inspector has previously made a sounding from the moor- 
ing barges at the point where the sinking plant will rest when 
cables are cut off after the last launch. This sounding is furnished 
to the overseer foreman in charge of the placing barge in order 
that the cables may be cut at the proper length. 


When the last launch of the mat has been assembled, payoff is 
resumed and continued until all but 25 ft. of the required cable 
length has been paid out. This leaves the last launch suspended 
under water, all the rest of the mat resting on the bank. Payoff 
is stopped and the first launch for the next mat assembled. 


Fig. 18—D1AGRAM ILLUSTRATING SUCCESSIVE POSITIONS OF MAT 
BOAT DURING SINKING OPERATIONS 


When this launch is assembled payoff of last launch is com- 
pleted, leaving the first launch for the next mat hanging over the 
landward edge of the placing barge. A similar situation was 
described as a setup of the placing barge when the present mat 
was begun. Five laborers in skiffs and equipped with bolt cutters 
then move along the suspended anchoring cables and cut them 
at the water surface, completing the first mat. 


The placing barge is them moved to the landward end of the 
mooring barges to reduce strain on cables, and the lower mooring 
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barges moved upstream 130 ft., aligned by the inspector, and the 
process repeated. After six to eight mats have been placed, it 
is necessary to move the upper mooring. barges upstream. To 
do this the entire plant must be moved up by harbor boat and 
the lower mooring barges and placing barge dropped down again 
into position. Such a move requires three to five hours. 


ORGANIZATION FOR CONSTRUCTION 


During 1929, 3 field construction parties operated in the Vicks- 
burg District. Only major items of equipment are listed: 
a. Revetment party No. 1. 
Extensions—New work 
Large placing unit 
2 quarterboats 
1 harbor tug. 
b. Revetment party No. 2. 
Major repairs—minor 
Extensions—concrete mat paving 
Small placing unit 
1 quarterboat 
2 locomotive crane barges 
1 harbor tug. 
c. Revetment party No. 3. 
Monolithic paving 
Connections—minor repairs 
Tower paving unit 
End connecting mat barge 
1 quarterboat 
1 derrick boat : 
1 harbor towboat. 


CONSTRUCTION OUTPUT 


The following tabulation indicates maximum and average 
performances per ten hour day for revetment construction units. 
Maximum output results from a combination of favorable cir- 
cumstances; averages are based on mean output per working day. 


Unit Maximum Average 
Sq. ~ Sq. 
Large Placing Barge 750 650 
Small Placing Barge 500 400 
End Connecting Mat Barge 200 150 
Tower Paver 275 200 
Locomotive Crane Barge 300 250 


Derrick Barge 225 175 
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FACTORS GOVERNING DESIGN OF CONCRETE MAT 


The mixer barge was originally designed for an output of one 
square per minute. By study of its actual operation and result- 
ing minor changes, it has been possible to eliminate all “bottle 
necks” within its cycle of operations, and to move this “bottle- 
neck” to the final operation, i. e., the capacity of the dressing 
crew. 

An experimental run for maximum capacity over a one hour 
period netted 105 squares! This is slightly over 34 seconds per 
square, or a cycle per mixer of 68 seconds: 7 seconds charging, 
50 seconds mix, and 11 seconds discharging. Needless to add 
such a pace could not have been maintained for even 5 hours by 
the dressing gang. 

Moreover to give a five hour period between runs, thirty - 
barges would be needed in line, more time would be lost moving 
between ends at completion of run, material placing haul would 
be lengthened, and numerous other disadvantages would result. 

Accordingly an average output of 80 squares per hour has been 
deemed an efficient mean. This rate will supply construction 
needs now apparent, and increased demands can more efficiently 
be met by increasing number of hours or shifts per day. 

Output is determined by a balance between needs of construc- 
tion parties, length of time available for curing, and number of 
barges available. 

It has been found that the greatest stress placed upon the mat 
sections is set up during the process of assembling and sinking. 
The mat sections are dropped through a distance of approxi- 
mately 12 ins. when placed upon the mat sinking barge. They 
rest on this barge upon rows of rollers set 40 ins. on centers. It 
was found by a series of tests that mat sections whose individual 
blocks could sustain a concentrated center of load of 500 Ibs. 
when supported on 40 in. span could successfully be placed on 
the riverbank with less than 2% crackage. Hence this method of 
testing and measure of strength was adopted rather than com- 
pressive cylinder tests. 

With this in mind, mixes are designed to produce this strength 
within the time available between casting and sinking. When 
weather conditions are propitious and ample curing time and 
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barges available, mixes as lean as 11 gal. per sack have been suc- 
cessfully used. With 14 day cure water-cement ratio of 9 gal. per 
sack on a 1:2.5:4.3 have fulfilled requirements. 


After the concrete is once placed on the riverbank, its stresses 
diminish while its strength increases. Its life is mainly deter- 
mined by the resistance of its exterior reinforcing wires and 
anchoring cables to corrosion. When new, the reinforcing will 
develop much more strength than the concrete; the size of the 
reinforcing is principally to increase its life against corrosive 
action. 

Maximum corrosive action occurs above low water, over that 
portion of revetment most subjected to alternating periods of 
action of air and river water. This range is usually between 
river stages varying from 5 ft. to 25 ft. on nearest gage. For 
this reason 6,000 mat sections with copperweld reinforcement 
were made and placed between these ranges at several points in 
the Vicksburg District during the past season. The success of 
this type of reinforcement is subject to the results of future 
observations. The copperweld reinforcement furnished during 
the past season presented difficulties in casting and handling mat 
sections because of undue softness and resultant binding of 
reinforcement. It is believed that this disadvantage can be 
corrected. 


Readers are referred to the JouRNAL for December 1930 (Pro- 
ceedings, Vol. 27) for discussion which may develop. Such dis- 
cussion should reach the Secretary by Nov. 1, 19380. 


COMPRESSIVE STRENGTH OF CONCRETE IN FLEXURE 
AS DETERMINED FROM Tests ofr REINFORCED BEAMS 


BY WILLIS A. SLATER* AND INGE LYSE{ 


INTRODUCTION 


1. General Statement. The practice in designing reinforced 
concrete beams in the United States has been shaped and con- 
trolled largely by the recommendations of a Joint Committee on 
Concrete and Reinforced Concrete appointed in 1903, which 
made its final report in 1916. This Committee recommended 
the straight line formula for use in computation of working 
stresses in reinforced concrete beams, that is, a formula which 
assumes a constant modulus of elasticity. The working stress so 
computed was fixed at a maximum of 32.5 per cent of the strength 
of the concrete as determined from compression tests of 8 by 
16-in. cylinders 28 days old. The recommended working stress 
in the reinforcement was 16,000 lb. per sq. in. This combination 
of stresses requires about 0.75 per cent reinforcement. 

This recommendation is found in the 1909 and 1912 progress 
reports and is repeated in the final report of 1916. It appears to 
provide a factor of safety of approximately 3 for compressive 
stresses and 2.5 for tensile stresses. Test beams proportioned to 
meet these conditions have always failed in tension in the rein- 
forcement with a factor of safety between 2.5 and 3.0{ However, 
tests on beams with sufficient reinforcement to develop compres- 
sion failure have shown factors of safety ranging approximately 
from 4 to 8, but with the majority of cases above 5 when judged 
on the basis of working stress in the concrete of 32.5 per cent of the 
cylinder strength. 

Such conservative stresses were proper for the design of earlier 
days and in many cases may still be proper. However, two 


*Director of Fritz Engineering Laboratory, Lehigh University. 

+Assistant Engineer, Portland Cement Association, Chicago. ; : 

t{Westergaard and Slater, ‘‘Moments and Stresses in Slabs.” Proceedings, American Concrete 
Institute, Vol. 17, page 415, 1921. 
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important results have followed the adherence to these working 
stresses computed from the straight line formula. Many de- 
signers appear to have lost sight of the facts that (a) the com- 
pressive stresses in reinforced concrete beams computed by the 
straight line formula for loads near the maximum generally are 
considerably greater than the compressive strength of the control 
cylinders, and (b) that it is sometimes desirable and permissible 
to use a larger percentage of reinforcement than that which will 
give a computed stress in the concrete of 32.5 per cent of the 
cylinder strength, simultaneously with 16,000 lb. per sq. in. in 
the steel. : 

With the improvement gained in recent years in our knowl- 
edge of the properties of concrete and control of its quality, it is 
desirable to make modification in the relation between the com- 
puted compressive stresses and the computed tensile stresses, 
which will result in utilizing both materials (concrete and steel) 
economically. The fact that among the thousands of beams 
tested in laboratory investigations only a very small percentage 
have failed in compression indicates that in general more steel 
is required to utilize the strength of the concrete sufficiently. 

In the 1921 and the 1924 reports of the Joint Committee on 
Standard Specifications for Concrete and Reinforced Concrete 
the maximum working stress for concrete in flexure was raised 
to 40 percent of the cylinder strength. This working stress, 
however, has not been universally accepted. 

This investigation was planned to determine the relation 
between the compressive strength of 6 by 12-in. control cylinders 
and the strength of the same concrete computed from beam 
tests in which the concrete failed in compression. The investiga- 
tion included two series of tests, one in which with beams of equal 
dimensions the cylinder strength of the concrete ranged from 
about 1400 to 5800 Ib. per sq. in. and another series in which for 
two different strengths of concrete (2800 and 4000 lb. per sq. in.) 
the total depth of the beams varied from 6 to 17 inches. A large 
enough percentage of reinforcement was used in all cases to 
insure that failure would not occur in tension of the longitudinal 
reinforcement. Web reinforcement was used to guard against 
tension failure of the web. Thus it was intended to eliminate all 
causes of failure except compression. 
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This investigation was carried out in the Fritz Engineering 
' Laboratory of Lehigh University, Bethlehem, Pennsylvania, 
from January to March 1930. 


2. Acknowledgment. The cement for the investigation was 
furnished by the Lehigh Portland Cement Company of Allentown, 
Pennsylvania, the reinforcement steel by the Rail Steel Bar 
Association of Chicago, Illinois and the aggregates by the Warner 
Company of Philadelphia. All of these materials were furnished 
without charge. All other expenses were borne by the Portland 
Cement Association of Chicago and Lehigh University. 


The success of this investigation has been largely due to the 
interested cooperation of the men connected with the work. 
Especial acknowledgment is made to C. C. Keyser, Laboratory 
Assistant and C. L. Kreidler and R. E. Gohl, Senior students in 
the Department of Civil Engineering. 


3. LHarlier Tests. The earliest study the writers have found 
comparing the strength developed in the beam with that devel- 
oped in the cylinder was reported by Dr. Fritz Emperger in 
“Beton und Hisen,’’ Heft I, 1903, page 23. This study was based 
upon tests carried out at different places, some by Ransome in 
Boston and some by Sanders in Amsterdam, Holland. Values of 
the ratio of strength of concrete computed from the beams tested 
by Sanders to the strength shown by the control cubes are shown 
in Fig. 1. The strengths for the beam tests were computed by 
a straight line formula. As a result of this study the ‘German 
Committee for Reinforced Concrete”’ initiated a more extensive 
investigation of the same subject. The tests by the German 
Committee were carried out at the Technischen Hochschule at 
Stuttgart, Germany, under the direction of C. Bach and O. Graf. 
The results of these tests were originally reported in Heft 19, 
“Deutscher Ausschuss fiir Eisenbeton”’ and have been abstracted 
from Morsch’s book ‘‘Der Eisenbetonbau,” Fifth Edition, page 
330, and plotted in Fig. 1. The control specimens for these beam 
tests were 30-centimeter (11.8-in.) cubes. In order to compare 
the results on the basis of ordinary 6 by 12-in. cylinders the cor- 
responding ratios of beam strength to cylinder strength are shown 
at the right-hand side of the diagram. For convenience this 
ratio is termed the beam-cylinder strength ratio. In making 
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the conversion the strength per unit of area of the cube has been 
taken as 13 per cent* greater than that for the 6 by 12-in. cylinder. 


A similar study of results from different sources in the United 
States was published in a paper by Slater and Zipprodt in the 
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Fig. 1—FoREIGN TESTS OF HEAVILY REINFORCED CONCRETE 
BEAMS 


Proceedings of the American Concrete Institute, 1920, page 120. 
The essential results from these tests are shown in Fig. 2. 


Figures 1 and 2 show that for all these tests the strength of the 
concrete computed by the straight line formula was considerably 
greater than the strength of the concrete as shown by tests of 
cubes or cylinders, that is, the beam-cylinder strength ratio was 
always greater than one. The tests also indicate that the beam- 
cylinder strength ratio increased as the strength of the concrete 
decreased. The variation of this ratio with the strength of the 
concrete was less marked for the tests reported by Bach and Graf 
than for the others reported. 


4. Program. Since the study was mainly on the compression 


*H. F. Gonnerman: “Effect of Size and Shape of Test Specimen on Compressive Strength 
of Concrete,” Bulletin 16, Structural Materials Research Laboratory, 1925. 
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resistance of the beam, the most important consideration in the 
layout of the program was to design the beams in such a way 
that failure would occur due to crushing of the concrete in the 
beam. In the calculations the assumptions made were that the 
yield-point stress would be 40,000 Ib. per sq. in. for the reinforce- 
ment, and that a large enough amount of reinforeement would be 
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Fig. 2—TEsTs OF HEAVILY REINFORCED CONCRETE BEAMS MADE 
IN UNITED STATES 


used to avoid danger of failure by tension in the steel. Additional 
security against tension failure resulted from the fact that the 
rail steel reinforcement supplied for the tests had a yield-point 
of approximately 65,000 instead of 40,000 lb. per sq. in. 

For the series in which the compressive strength of the con- 
crete varied the total depth of the beams was 13 in. The depth 
from the compression surface of the concrete to the center of 
gravity of the steel, here termed the effective depth, was 10 in. 
The designed cylinder strengths of the concrete for this series 
varied from 1000 to 5000 lb. per sq. in. and are shown in Table 1. 


836  JouRNAL OF THE AMERICAN ConcRETE INSTITUTE—Proceedings 


TABLE 1—DESIGN OF REINFORCED CONCRETE BEAMS 


: : ‘ Ratt d 
Designed Ratio of Reinforcement Dimensions Compute 
- | Concrete Reinforcement Bars abe a® e wes 5 ae 
th , 
Ses eats Depth to] Width | Lb. Per 
sq. in. Design | Actual No Size | Area |Steel In. In. Sq. In. 
1 1000 .02 .021 4 74) heh 10.2 8.2 222 
2 2000 .03 -028 i Se 2.30 10.3 8.2 333 
3 3000 .04 .037 + iD 3.14 10.3 Sis 444 
4 4000 .05 047 5 1 3.92 1g 8.2 555 
5 5000 .06 -056 6 lk 4.71 10.2 8.3 666 
6 2000 03 1080", 5. Ve} 3. SB Pe Nae oe ree 467 
i 34" 
6A 3000 .04 .039 5 fi Wiese ale 32 680 
3 W 
ff 2000 .03 .028 r ihr 2.85 12.2 8.3 400 
1 i ” 
8 2000 .03 .031 1 2 A 1:99 8.0 8.1 267 
fi i% u 
9 2000 .03 032 2 ys, 1.48 5.9 7.9 200 
g 
10 2000 -03 .030 2 %4" 299 4.1 8.0 133 
10A 3000 04 oso |{ 3 | s2-f[ 1.33] 4.1 | 8.0 200 


Beams in Group 1 to 7, inclusive, have %%-in. U stirrups spaced 3 in. center to center except 
No. 5 and 6A which have %%-in. double U stirrups 3 in. on center. Beams 8 to 10A, inclusive, 
have 3-in. bars at an inclination of 20 degrees with longitudinal reinforcement and spaced 
9 in. center to center. 


In order to study the effect of variation in depth of the beams 
on the beam-cylinder strength ratio a series of tests was planned 
in which the effective depth of the beams varied from 4 to 14 in. 
as shown in Table 1. Two strengths of conerete (designed as 
2000 and 3000 Ib. per sq. in. cylinder strength) were used with 
each of these variations in depths of beams. 

The computed shearing stress for the loads calculated to cause 
compression failure in all beams are also given in Table 1. 
Obviously most of them are so high as to require web reinforce- 
ment to prevent diagonal tension failure. For beams having a 
depth to center of gravity of steel of 10 inches or more, vertical 
stirrups were used. For shallower beams the depth was too small 
for proper anchorage of vertical stirrups and inclined web rein- 
forcing bars were used. Asa criterion for the minimum amount of 
web reinforcement required the formula 


» = (005. + 7). f, 
was used. In this formula v is equal to the shearing stress, r is 
equal to the ratio of web reinforcement and f, is equal to tensile 
stress in reinforcement here taken as 40,000 Ib. per sq. in. This 
formula was derived from tests carried out for the United States 
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Shipping Board during the war.* However, the minimum size 
of the stirrups was fixed at 34 in. diameter and the maximum 
spacing at 3 in. for the vertical stirrups. This generally resulted 
in considerably more web reinforcement than that called for in 


fig Ain a 
Beam Wo. S 
13 @ 3- 


ree) 
Beam No. 8 


Fic. 3—DEsIGN OF REINFORCED CONCRETE BEAMS. NOTE: ALL 
WEB REINFORCEMENT IS 34” DIA. 


the formula. Fig. 3 shows the arrangement of the web reinforce- 
ment for all the beams. 


All the beams were 8 in. wide and 11 ft. long. 


Three beams of each kind were made for each group. The 
control specimens generally consisted of 6 by 12-in. cylinders and 
three cylinders were made with each beam. Prisms 8 by 8 by 
12 in. were made with two of the beams for testing under eccentric 
load. Ata later date three prisms and three cylinders were made 
in order to secure further information on the properties of the 


concrete. 


*Slater, Lord, and Zipprodt, ‘‘Shear Tests of Reinforced Concrete Beams,” Technologic 
Paper No. 314; National Bureau of Standards, 1926. 
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MATERIALS 


5. Cement and Aggregates. The cement and aggregates used 
in this investigation came from the same lots as those furnished 
for a series of column tests which is being carried out at Fritz 
Laboratory for the American Concrete Institute. The cement 
had a fineness of about 89 per cent passing the No. 200 sieve and 


CYlineer strengtt), /b. per $9. 17. 


Si 2) 76 8 2 /0 “/ US a OURS 
Water content gallons per sack cement 


Fig. 4—WATER-CEMENT-STRENGTH RATIO, (1) ASSUMED FOR 
DESIGN AND (2) SECURED FROM TESTS 


gave a high 28-day strength. The aggregates came from near 
the Delaware River at Morrisville, Pennsylvania. The sand had 
an average fineness modulus of about 2.82, had 4 per cent passing 
the No. 48 sieve, and about 50 per cent between the No. 48 and 
No. 28 sieves. The sand content used was 40 per cent by weight 
of the total aggregates. This combination gave very workable 
concrete for all mixes included in the series. The coarse aggregate 
consisted of gravel of a maximum size of 34 in. At the laboratory 
it was screened and recombined so as to contain 40 per cent 
between the No. 4 and the 34-in. sieves, and 60 per cent between 
the °4-in. and the 34-in. sieves. The aggregates had been stored 
indoors some time before the making of the concrete. At the 
time of making specimens, the gravel contained about 0.5 per 
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TABLE 2—CONCRETE, MIXES USED IN BEAMS 


: Water-Cement | Cement | Water Content 
, Concrete Mix By Ratio By Content Gallons Per Slump 
Grou hes. Sacks of 
No. j : Per Sack |Cu. Yd.| Cone. . 
Weight Abs. Vol. | Weight |Abs. Vol.|Cu. Yd. | Cement | Conc. In. 
i 1-3 .80-5.70/1-4.55-6.80] 1.00 3.10 3.6 114% 40.5 5 
2 1-2.80-4. 201-3 .35-5.00 Brea 2.33 4, 8% 40.8 5% 
3 1—2.30-3 .45|1-2.75-4.15 -62 1.92 5.7 Ke 39.9 54% 
4 1-1.90—2.85|1-2.25-3.40 .53 1.65 6.7 6 40.2 74% 
5 1-1.60-2.40]1-1.90-2.85 -46 1.44 7 5% 40.4 6% 
6 1-2 80-4. 201-3 .35-5.00 .75 2.33 4.8 84 40.8 5 
6A 1-2.30-3.45|1-2.75-4.15 .62 1.92 ers 9 39.9 3 
Me 1-2.80-4. 20|1-3.35-5.00 EO) 2.33 4.8 844 40.8 4 
8 1-2.80-4. 20]1—3 .35-5.00 wh 2.33 4.8 844 40.8 6 
9 1-2.80-4. 20|1-3 ..35-5.00 ho: 2.33 4.8 84 40.8 5 
10 1-2 .80-4.. 20|1-3 .35-5.00 15 2.33 4.8 81446 40.8 5 
10A 1—2.30-3.45|1-2.75-4.15 .62 1.92 ewe « 39.9 5 


cent water as moisture and the sand about 1 per cent. It was 
assumed that this was close to the percentage which would be 
absorbed and no correction for absorption was made. 


At the time of designing the mix only the 7-day strength of 
concrete of one water content was available. This strength was 
converted into estimated 28-day strength by use of the formula 
fos = fr + 30Vf; , in which f; and fog are the 7-day and the 
28-day strengths. An estimated water-cement-strength curve 
was drawn so that it passed a little above this estimated strength 
(see curve 1, Fig. 4). Fig. 4 also shows the strengths obtained 
from the tests and indicates that for the cement used the strength 
increase between the ages of 7 and 28 days was considerably 
greater than the increase given by the formula. After the water 
content per sack of cement for each strength of concrete had 
been taken from curve 1, a few trial batches were made with one 
of these water contents to determine the mix which would give 
suitable workability. The mix found to give the proper work- 
ability contained 40 gal. of water per cubic yard of concrete and 
this mix was used as the basis for designing the other mixes. It 
was assumed that the water content per cubic yard of concrete 
remained practically constant for mixes of a given consistency. 
All mixes were therefore designed so as to contain 40 gal. of water 
per cubic yard for the different water-cement ratios used. The 
mixes arrived at in this manner are given in Table 2 which con- 
tains all data of the concrete used in the series. In Fig. 5 the 
slumps have been plotted as ordinates of two independent graphs. 
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In one of them the water content, shown at the top, and in the 
other the cement content, shown at the bottom, represent the 
abscissas. For the resulting concrete 75 per cent of the slumps 
lay between 4 and 6 in. The extreme range was from 3 to 74% 
in. As large a variation as this may be expected on account of 
lack of uniformity in the moisture content of the aggregates. 
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Fic. 5—RELATION BETWEEN WATER CONTENT, CEMENT CONTENT, 
AND SLUMP OF CONCRETE 


If the assumptions made were entirely correct and if the opera- 
tion had been under perfect control, the curve representing the 
relation between slump and cement content should be a straight 
horizontal line. Due to variation in slump already pointed out, 
this condition was only partially realized as is shown in Fig. 5. 
However, the conformity was good enough to warrant the char- 
acterization of this method as a satisfactory working basis. 


6. Cement-Strength Relation. In Fig. 6 28-day cylinder 
strengths of the concrete have been plotted as ordinates of two 
independent curves with the water content and cement content 
per cubic yard of concrete as abscissas. In this series, however, 
the water content was held constant and the relation between 
strength and water content was necessarily a vertical straight 
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line. It will be seen from this figure that the cement strength 
relation is approximately a straight line, that is, the increase in 
strength was proportional to the increase in cement content. It 
should be kept in mind that the same aggregate was used through- 
out the series and that the proportion of sand to coarse aggregate 
was constant, 40 per cent fine and 60 per cent coarse, and that 
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Fic. 6—RELATION OF STRENGTH TO CEMENT CONTENT AND 
WATER CONTENT FOR CONCRETE OF CONSTANT CONSISTENCY 


the consistency of the concrete was fairly constant as measured 
by the slump. The increase in strength was approximately 1100 
Ib. per sq. in. per sack of cement per cu. yd. of concrete. 

It should not be expected that with variations in types of 
ageregate or with variation of proportion of fine to coarse ag- 
gregate in different mixes, a constant water content should give 
a constant consistency or that proportionality between increase 
in cement content and increase in strength should result. 

7. Uniformity of Concrete. Even though each cylinder rep- 
resented a different batch of concrete in a beam, the variation 
in strength between individual cylinders for a given beam was 
less than the variation between the averages for beams of the 
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same group. Therefore, in studying the uniformity of concrete 
the average strength of the three cylinders from each beam was 
considered as a single strength. The maximum variation of these 
strengths from the average of a group was computed for each 
group of three beams. The largest of these maximum variations 
for any group in the entire series was 12.9 per cent and the 
average of the maximum variations for all groups was 6.4 per 
cent. Table 3 gives the average cylinder strength for each beam 
and also contains the average strength for each group and the 
maximum variations from the average. 


8. Reinforcement. The reinforcement bars were of rail steel 
which gave high yield-point stress and high ultimate strength. 
Table 4 shows the test results for coupons from the reinforcement 
bars. The average yield-point stress for all specimens was found 
to be 64,800 lb. per sq. in., the ultimate strength 106,400 lb. per 
sq. in., and the modulus of elasticity 29,500,000 lb. per sq. in. 
This modulus of elasticity was used in computing the ratio n, that 
is, the ratio of the modulus of elasticity of steel to that of concrete. 


MAKING, CURING AND TESTING OF SPECIMENS 


9. Fabrication of Reinforcement. The longitudinal reinforce- 
ment was in one layer in some and in two layers in others of the 
beams. The clear distance between the two layers of bars was 
34 in. In order to hold the reinforcement in its proper position 
with respect to the bottom of the beam, supporting legs of the 
necessary depth were welded to the lower layer of the longitudinal 
bars. 


The proper horizontal spacing was maintained by means of 
short cross bars welded to each longitudinal bar of the layer. 


The web reinforcement was looped around and attached to the 
longitudinal reinforcement by electric are welding. Generally, 
where two layers of longitudinal bars were used the stirrups were 
looped around the bars of the lower layer and welded to both 
layers of the longitudinal reinforcement, thus insuring the proper 
spacing and position of stirrups and longitudinal bars. 


For simplification in making up stirrups the same depth of 
stirrups was used for beams of various depths, as far as possible. 
During the making up of the beams it appeared that the stirrups 
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were too short to be adequate as web-reinforcement for beams 
with an effective depth of 14 inches. To correct for this deficiency 
in some measure these stirrups were looped around and welded 
to the bars of the upper layers in two out of three of the 14-in. 
beams instead of to bars of the lower layer. The upper and lower 
layers of bars in these two beams were tied together by means of 
spacers welded to both bars. For beams whose depth was too 
small to provide adequate anchorage for vertical stirrups inclined 
web bars were used. These also were welded to the longitudinal 
reinforcement, which in these cases included only one layer of 
bars. 


This method of fabricating all the reinforcement for each beam 
into a rigid unit appeared to be very effective in maintaining the 
correct position of the reinforcement during the placing of con- 
crete in the beam. It also reduced the danger of slipping of the 
reinforcement during the testing of the beam. Fig. 7 shows the 
fabricated reinforcement for beams of different depths. 


10. Forms. For the beams having an effective depth of 8 in. 
or less, wooden forms were used. For those having a depth of _ 
10 in. or more, steel forms were used. In order to prevent leakage 
from the forms, all joints were made with care, and as a further 
precaution, all joints (with both wooden and steel forms) were 
puttied before placing the concrete. In this way the amount of 
leakage was made very small. Before placing the concrete all 
forms were oiled as a precaution against sticking of the concrete 
to the forms. In the case of the wooden forms oiling was a pre- 
caution also against absorption of water and warping of the 
forms. 


11. Mixing and Placing. The concrete was mixed in an 
inclined kettle-shaped mixer of approximately 2.5 cu. ft. capacity. 
The dry materials were dumped into the mixer and mixed for one 
minute; water was then added and the mixing was continued for 
three minutes more. The concrete was dumped into the metal 
container shown in Fig. 8 and shoveled from it into the forms. 
The rounded ends of this container facilitated the complete 
emptying of it. Each beam required more than one batch. The 
concrete of each batch was placed in the form while the succeeding 
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Fig. 7—REINFORCEMENT FABRICATED FOR BEAMS 


batch was being mixed. Each batch was spread to an approxi- 
mately uniform depth over the full length of the beam. The 
concrete was rodded into place by means of a 5%-in. steel bar, and 
the forms were hammered lightly in order to consolidate the mass. 
Generally one control cylinder was taken from each batch so as 
to represent the different layers of the concrete in the beam. 
Fig. 8 shows the arrangement during the making of the beams in 
which wooden forms were used. 

12. Curing. The control cylinders, as well as the beams, were 
generally left in the forms for 48 hr. after making. The forms were 
then removed and the specimens placed in a moist room of 100 
per cent humidity and a temperature of approximately 70°F, 
until a 28-day age was reached. A typical chart of the tempera- 
ture in the moist room covering one week of the curing, February 
24 to March 3, is shown in Fig. 9. The temperature range 
throughout the curing period was from 68° to 72°F. 

13. Testing. At the age of 28 days the specimens were re- 
moved from the moist room and tested to failure. The testing 
machine used, both for the control cylinders and the beams, was 
an Olsen screw-power machine equipped with supporting wings 
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Fic. 9—REcCORD OF TEMPERATURE IN MOIST ROOM FOR WEEK 
FEB. 24—MaARcH 3, 1930 
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designed for the testing of beams. The 6 by 12-in. cylinders were 
tested in the ordinary manner, with an idling speed of the head 
-of the machine of .05 in. per minute. The beams rested on a 
roller at one support and on a spherical bearing block at the 
other support. The center of each support was 9 in. from the 
end of the beam, making a distance of 9 ft. 6 in. between centers 
of supports. The load was transferred from the head of the 
machine to the concrete beam through a heavy structural steel 
loading beam having a reinforced web. This loading beam 
transferred the load through a roller at one end and a spherical 
bearing block at the other end to the test beam at the load points, 
which were placed 21 in. on either side of the center of the beam. 
This arrangement of loads produced a constant moment in the 
central 42-in. portion of the concrete beam. The spherical bear- 
ing blocks at one support of the test beam and at one load-point 
were introduced for the purpose of eliminating torsional moments 
and eccentric loading in the testing of the beams. Fig. 10 shows 
the arrangement during the testing of one of the beams. 


During the testing of the beams close examination was made 
for the appearance of cracks. 


14. Deformation Measurements.* Deformation measurements 
were taken on at least one control cylinder from each beam. Two 
metal collars surrounding the cylinders at sections 10 in. apart 
were attached to the cylinder by means of a pair of screws in 
each collar 180 degrees apart. All four screws lay in the same 
diametral plane. A steel rod used as a distance piece held the 
collars a fixed distance apart at a point on each collar 90 degrees 
from the axis of the screws. This arrangement allowed each 
collar to rotate about a horizontal axis through the screws as the 
cylinder shortened under the load. Opposite this distance piece a 
.0001-in. Ames gage was attached to the upper collar, and another 
distance piece, attached to the lower collar bore at its upper end 
upon the plunger of the Ames gage. The readings on the dial, 
therefore, indicated twice the amount of the shortening of the 
cylinder during the testing. The deformation results secured in 
this manner were used for the determination of the modulus of 
elasticity of the concrete. 

*In this report: (1) the word “deformation’’ denotes total change of length in a given gage 


length. (2) The word ‘‘strain” denotes the change per unit of length which is caused by stress. 
(3) The word ‘‘stress’” denotes the intensity per unit area of the internal force. 
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Fic. 10—TEstTiInGc ARRANGEMENT 


Table 3 gives the modulus of elasticity for the concrete in each 
group of beams. This modulus is the tangent modulus at a stress 
of 500 lb. per sq. in. This table also gives the corresponding 
values of n for each group. 


The deformations of the concrete in the beams were measured 
on each side of the beam by means of Ames gages reading generally 
0.001 in. One gage line was placed near the top of the beam, one 
near the elevation of the center of gravity of the reinforcement, 
and in some cases, one was placed near the neutral axis of the 
beam. The gage length was 35 in. for the gages near the top and 
near the center of gravity of the reinforcement, and 30 in. for the 
‘gages near the neutral axis. The Ames gages used for the 
observation near the neutral axis read to 0.0001 in. The de- 
formation apparatus may be seen in Fig. 10. 


15. Observed Deflections. For measuring the center deflection 
a fine wire attached to the side of the beam near the neutral axis 
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TABLE 3—PROPERTIES OF CONCRETE IN BEAMS 


Cylinder Strength, Modulus 
Ratio of Lb. Per Sq. In. for Beam |Max. Var. of | 
Grou Depth Reine’ (2.4 Sa ee eee ees rom Elasticity | Values 

No. d, In force- Av. Lb. Per of n 

ment, p A B Cc Av. |Per Cent} Sq. In. 
1 10.2 .021 1210*} 1520 | 1450 | 1390 12.9 2,650 000 ub Gap | 
2 10.3 .028 2530*| 2940 | 2910 | 2790 9.3 3,450 000 8.6 
3 10.3 .037 4020 .| 4200 | 4000 | 4070 3.2 3,750 000 7.9 
4 10.1 .047 4670 | 4660 | 5060 | 4800 5.4 4,150 000 ol 
5 10.2 056 5680 | 5680 | 5870 | 5740 238 4,620 000 6.4 
6 14.2 .030 2490 | 2600 | 2670 | 2590 3.9 3,650 000 8.1 
6A 14.1 .039 3990 | 4120 | 4270 | 4130 3.4 3,800 000 Cats} 
7 12.2 .028 2800 | 2860 | 3200 | 2950 8.5 4,400 000 6.7 
8 8.0 .031 3020 | 2650 | 2600 |-2760 9.4 3,650 000 8.1 
9 5.9 .032 3120 | 2670 | 2900 | 2900 8.0 3,200 000 9.2 
10 4.1 .030 3040 | 2750 | 2660 | 2820 Piers, 3,475 000 8.5 
10A 4.1 .040 3730 | 3900 | 3800 | 3810 2.4 3,725 000 7.8 

Average 6.4 


*EXxtra water added for absorption. 


at each support spanned the length of the beam. A mirror bear- 
ing a scale graduated to fiftieths of an inch was attached to the 
side of the beam at the center of the span at the elevation of the 
neutral axis. The elevation of the wire on the scale was read 
without parallax by lining up the wire with its image in the 
mirror at the time of reading the scale. The deflections thus 
observed were read by estimation to the nearest .01 in. Fig. 10 
shows the arrangement for the deflection measurements during 
the testing. 


16. Duration of Test. The time required for the testing of 
one beam, that is, the time between initial load and the maximum 
load, depended upon the strength of the beam and the number of 
deformation and deflection measurements made. In general, the 
testing was completed in less than one-half hour. Beams carrying 
a maximum load of more than 20,000 lb. were loaded in 5000-lb. 
increments between successive sets of readings, while for the 
beams of lower carrying capacity smaller increments between 
successive sets of observations were used. 


RESULTS 


17. Occurrence of Cracks. During the testing of the beams 
close inspection was made for the appearance of cracks. Usually 
the first cracks appeared at the bottom of the beam just below 
the loading point or near the center of the span. Usually no 
cracks appeared in the portion of the beam between the sup- 
porting points and the loading points. However, a few beams 


a 


¢ 
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showed diagonal tension cracks between the supports and the 
loading points. These were the beams of groups 6, 6A and 7, 
having an effective depth of 12 and 14 in. which showed diagonal 
tension cracks prior to failure. These cracks occurred between 
the supports and the loading points at both ends of the beam. 
Generally, several cracks occurred parallel to each other and only 
a few inches apart. In these cases the cracks ordinarily extended 
from the neutral axis to the bottom of the beam. Most of these 
cracks were first discovered near the bottom, but some appeared 
first at approximately the level of the neutral axis. The load at 
which the first crack was observed is given in Table 5 which also 
gives the percentages of the maximum load at which the first 
crack was observed. The average load at which the first crack 
was observed was about 48 per cent of the maximum load for all 
the beams. 


18. Forms of Failure. All beams except two failed in com- 
pression of the concrete between the loading points of the beam. 
Generally the failure was very close to the center. Beams of low 
strength concrete gave a gradual failure, while beams of higher 
strength concrete broke suddenly without previous warning. 


The other two beams failed in diagonal tension. These were 
from the series in which the average strength of the concrete was 
2800 lb. per sq. in., and in which the effective depth varied from 
4to14in. The effective depth was 14 in. for one of these beams, 
and 8 in. for the other. The 14-in. beam which failed in this 
manner was the one which had stirrups of 11-in. depth attached 
to the lower layer of the longitudinal steel reinforcement. The 
stirrups in this beam extended only partially into the com- 
pression area of the concrete. In the other two beams of the same 
group the stirrups were attached to the longitudinal bars of the 
upper layer. These beams failed in compression, even though 
diagonal tension cracks appeared before failure. The maximum 
loads, shown in Table 5, indicate that the compressive strength 
- of the concrete was almost reached before the diagonal tension 
failure occurred. Fig. 11 isa photograph of the 14-in. beam which 
failed in diagonal tension. 


Beam 8B, 8 in. deep, had inclined bars and failed in diagonal 
tension without previous warning. The two companion beams 
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TABLE 4—SUMMARY OF TESTS ON REINFORCING BARS USED IN BEAMS 


Nom. Yield Ultimate Reduc. | Modulus of 

Folio Bar. No. of Meas. Point** | Strength | Elong. in Elasticity £ 
No. ° Size Tests Area* | Lb. Per | Lb. Per in 8” Areat Lb. Per 
In. Made ,| Sq.In. | Sq. In. | Sq.In. |Per Cent] Per Cent Sq. In. 

7555 3% 4 nO) 72,250. | 108,400 13 38 29,700,000 

7555 34 2 .427 73,100 | 117,700 9 20 28,400,000 

7555 % 4 593 67,400 108,600 12 26 29,400,000 

7555 1 4 .751 62,650 111,400 14 30 28,850,000 

Average 68,240 | 110,500 12.4 30 29,180,000 

7576 3% 4 .101 74,400 113,200 12 44 30,200,000 

7576 34 4 .422 57,950 95,800 16 30 | 29,500,000 

7576 K% 4 591 58,400 101,800 19 36 30,000,000 

7576 1 4 .756 55,850 | 100,500 15 24 29,300,000 

Average 61,400 | 102,800 Two 33.5 29,750,000 

A 8 .105 73,400 | 110,800 12.5 41 29,950,000 

34 6 .424 63,000 | 103,100 14 27 29,130,000 

% 8 .592 62,900 | 105,200 15.5 ol 29,700,000 

1 8 158 59,300 | 106,G00 14.5 27 29,300,000 

Grand Average 30 64,800 | 106,400 14 32 29,480,000 

I 


Notes: *Computed from the weight and length of bar. 
**Yield point detected by the drop of the beam in only half of the tests made. 
+Reduced area computed from an average reduced diameter. 
{Strains were measured in only half of tests made. 


TABLE 5—RESULTS OF BEAM TESTS 


Max 
Dimensions Actual | Maximum Load on Beams, Lb.| Var. |Load at| Max. 
of Beams Ratio of From | First |Shearing 
Grou Rein- Beam No. Ave. | Crack | Stress 
No. force- Per Per Lb. Per 
Depth | Width |ment, p Cent | Cent**} Sq. In.+ 
din. bin. A B Cc Av. 
1 10.2 8.2 .021 33000 | 32000 | 32600} 32520] 1.6 52 243 
2 10.3 8.2 .028 47390 | 40000 | 46750] 44710] 10.5 36 321 
3 10.3 8.2 .037 58550 | 64770 | 66580] 63300] 7.5 43 452 
4 10.1 8.2 .047 74500 | 71050 | 78950] 74830] 5.5 37 546 
5 10.2 8.3 .056 84350 | 96410 | 81470] 87410] 10.3 38 625 
6 14.2 8.2 030 92000*|106570 | 92000} 99290} 7.3 63 522 
6A 14.1 8.2 039 |120000 {113600 |130000]121200| 7.3 37 634 
7 12.2 8.3 .028 69250 | 63870 | 71340] 68150] 6.3 47 407 
8 8.0 Sail! 031 25760 | 31650*| 33430} 29600] 13.0 54 280 
9 5.9 ORS) .032 15270 | 18640 | 16580] 16830] 10.8 65 220 
10 4.1 8.0 .030 6790 7670 6220} 6890} 11.3 58 128 
10A 4.1 8.0 .040 9750 | 10300 9000} 9680} 7.0 41 180 
Av.| 8.2 48 


*Failed in diagonal tension, omitted from average. 
**Percentage of maximum load. 


W 
oe Qjbd 


of the same group, 8A and 8C, failed in compression with no 
diagonal cracks or other indication of being near failure in 
diagonal tension. It is to be noted also, that the maximum load 
was slightly higher for beam 8B, which failed in diagonal tension, 
than the average load for 8A and 8C, which failed in compression. 
In order to investigate whether any slipping of the inclined bars 
took place, thus causing the diagonal tension failure, the concrete 
in beam 8B was removed so that the inclined bar could be in- 
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Fig. 11—DIAGONAL FAILURE OF BEAM 6A. (A) LEFT END, (B) 
RIGHT END 


spected throughout its length. No indication of slipping of the 
bar or stressing the steel beyond the yield point could be detected. 
The welded connection of the inclined to the longitudinal bar was 
still intact and there is no evidence that the diagonal tension 
failure was due to slipping of the web reinforcement or to failure 
of the welded connection with the longitudinal bar. Fig. 12a 
shows beam 8B in the testing machine after it had failed and 12b, 
photographed from the opposite «side, shows the inclined bar 
exposed throughout its length. 

Typical examples of the forms of failure for the different beams 
are shown in Fig. 13, 14 and 15. Fig. 13 shows the beams of 
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Fig. 12—DIaAGONAL FAILURE OF BEAM 8B. (A) IN TESTING 
MACHINE, (B) WITH EXPOSED INCLINED BAR 


equal dimensions but of different strengths of the concrete; Fig. 
14 the beams of 2800 lb. per sq. in. concrete and different depths 
of beams and Fig. 15 beams of 4000 lb. per sq. in. concrete and 
different depths. 

19. Prism Tests. In order to get more definite information 
regarding the distribution of strains and stresses in the com- 
pression section of the concrete area in the beam, two 8 by 8 by 
12-in. concrete prisms were made during the manufacturing of 
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Fig. 15—Brams or 4000 LB. PER SQ. IN. CONCRETE AND DIFFERENT 
: DEPTHS 


the beams. After all the beams had been made three prisms and 
three cylinders were made from a mix of concrete similar to that 
used in group 2 of the beam series. All the prisms were tested at 
an age of 28 days in such a way that the resultant load and the 
resultant reaction passed through the edge of the middle one-third 
of the sectional area of the prism. Fig. 16 which shows one of the 
prisms after failure indicates the method of applying the loads. 
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Deformation measurements were taken on two opposite faces of 


each prism. 


The average strains for the two prisms from beams A and B 
in group 6A are plotted in Fig. 17 by connecting by straight lines 


aes 


Fig. 16—8 sy 8 sy 12-1N. PRISM 
LOADED AT EDGE OF MIDDLE 
THIRD OF CROSS SECTION 


the points representing the 
strains measured three inches 
away from the opposite faces, 
that is, assuming a straight 
line variation of strains across 
the section of the prism. 
The deformation curves for 
low loads all seem to pass 
through the same point, and 
show that there was little 
or no strain at one edge of 
the prism. This indicates 
that for these loads the rela- 
tion between strain and stress 
is represented very closely by 
a straight line, since it is only 
for a straight line stress-strain 
relation that the strain is 
zero at the edge of a prism 
loaded at the edge of the 
middle third of the sectional 
area. For larger loads, how- 
ever, the point of zero strain 
lay slightly within the prism, 
indicating that a curved 
stress-strain distribution ex- 
isted at high stresses. Fig. 18 
shows the average  stress- 
strain diagram from the same 
data as in Fig. 17 for that 
edge of the prism which lay 


nearest to the load-point. It also shows the average stress-strain 
diagram for the control cylinders from the same batches of con- 
crete. This figure indicates that the modulus of elasticity 
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Fig. 17—STRAIN DISTRIBUTION IN CONCRETE PRISM LOADED AT 
THE EDGE OF THE MIDDLE THIRD 


obtained for the prism was slightly less than that found on the 
control cylinders. The average cylinder strength for these two 
beams represented in Fig. 17 and 18 was 4060 lb. per sq. in. 


The deformations found in the additional prisms made after 
completion of the making of the beams were quite similar to those. 
already discussed. 


20. Uniformity of Results. The uniformity in strength results 
obtained from the tests of three beams in each group was found 
to be very good. The maximum variations of the individual 
strengths from the average are shown in Table 5. The greatest 
of these maximum variations was 13 per cent, and the average for 
all the groups was 8.2 per cert. The average of the maximum 
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Fic. 18—STRESS-STRAIN DIAGRAM FOR PRISMS OF GROUP 6A, AND 
CONTROL CYLINDERS 


variations for the beams was slightly higher than the average 
found for the concrete cylinders. The relatively small variation 
between the individual specimens indicates that the beams were 
uniform in quality and that the results represent the actual 
strength fairly well. A further indication of the reliability of the 
results is found in the fact that the points showing the beam- 
cylinder strength ratios for beams of different concrete strengths 
and for beams of different heights, fall approximately on smooth 
curves. 
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21. Relation between Strength of Cylinders and Strength of 
Prisms. The two prisms made from the same concrete as the 
beams in group 6A, loaded eccentrically, gave an average com- 
pressive strength over the entire area, of 2430 lb. per sq. in. 
Assuming a straight line stress-strain relation this corresponds 
to a maximum stress at one face of the prism of 4860 lb. per sq. 
in., and zero stress at the opposite face. The control cylinder 
made from the same batches and tested with a uniformly dis- 
tributed load, gave an average compressive strength of 4060 lb. 
per sq. in. The apparent strength of the concrete in the prisms 
was therefore about 20 per cent higher than that of the cylinders. 


The three prisms which were made at a later date did not have 
perfect caps, and therefore failed at lower stresses than might 
otherwise have been the case. The average compressive strength 
over the entire area of these prisms was 1675 lb. per sq. in. This 
corresponds to a maximum fiber stress of 3350 lb. per sq. in. The 
average strength of the control cylinders from the same batch was 
3110 lb. per sq. in. The maximum fiber stress in these prisms 
was therefore only 8 per cent greater than the cylinder strength 
of the concrete. 


22. Relation between Beam Strength and Prism Strength. This 
comparison includes only the two prisms made from the same 
batches of concrete as the beams A and B in group 6A. If a 
straight-line stress-strain distribution is assumed for the prism, 
it is found that the prism strength was about 20 per cent higher 
than the cylinder strength. Using the straight-line formula for 
computing stresses in the beams, and using the value of n obtained 
from the deformation measurements on the control specimens of 
concrete and of steel, the computed ultimate stress in the beam 
was about 50 per cent greater than the strength of the cylinders, . 
and 25 per cent greater than the ultimate stress in the prism. 
The ultimate fiber stress in the prism was therefore considerably 
less than the fiber stress computed for the beams. 


23. Notation and Formulas. For the purpose of studying the 
test results, an analysis has been made in which the stress curve 
in the compression part of the beam is assumed to be a parabola, 
not necessarily of second degree, but of some degree, r. The value 
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of r is always the ratio of E,. <’, tof’... See Fig. 19. When r is 
one, the stress curve reduces to a straight line and the resulting 
formulas.to the ordinary straight line formulas. When r is two, 
the stress curve reduces to the parabola of second degree and the 
formulas to the ordinary parabolic formulas for stress at the load 


Neutral Ox1S 


Fic. 19—ASsUMED STRESS DISTRIBUTION IN COMPRESSION AREA 
OF BEAM 


which produces compression failure in the concrete. The analysis 
could be made applicable for loads below the maximum, but there 
seems to be no necessity for introducing this complication. 


In the formulas used in this report the following notation will 
be used. 


b = width of beam 


d = effective depth of beam, that is, depth from compression 
surface of beam to center of gravity of sectional area of 
reinforcing steel 


p = ratio of reinforcement 
n = ratio of modulus of elasticity of steel to that of concrete 
M = bending moment at maximum load 


kd = vertical distance from compression surface to neutral 
axis 
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jd = distance from resultant compressive force to resultant 
tensile force, that is, moment arm of resisting couple 


” : : E 

f.’’ = computed compressive stress in extreme fiber of rein- 

forced concrete beam at load causing compressive 
failure 


f’. = compressive strength of concrete as determined from 
tests on 6 by 12-in. cylinders 


fs = computed stress in reinforcement of concrete beam 


r = exponent in a stress-strain equation (assumed to be 
parabolic) whose graph approximates the stress-strain 
curve for the control cylinders 


The general formulas for k, 7, f’’,, and f, are as follows: 


k = ypntr+t) + (mG) — mgt 
j= 1-795 k 

fi’ = 1 AG and 
Ss = be 


The condition for straight-line distribution of stress is obtained 
when r = 1. The equation for stress in the concrete at the com- 


pression surface then becomes f’, = 2%. The condition for 


kjbde* 
parabolic distribution of stress is obtained when r = 2. The 
equation of stress, f’’., in the concrete at the compression surface 


3 M 
then becomes f”. = 3 ia 


An illustration of the effect of the variation in the assumptions 
as to the stress distribution on the intensity of the maximum 
stresses and the position of the neutral axis is given in Fig. 20. 
In this figure the curves show the stress distribution for straight 
line, second degree parabola, and fourth degree parabola re- 
spectively. 


24. Effect of Variation in Strength of Concrete on Beam-Cylinder 
Strength Ratio. Table 6 shows the extreme fiber stresses in the 
beams at maximum load as computed by the straight-line 
formula. In these computations three different values of n have 
been used, (1) the values specified by the American Concrete 
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TABLE 6—BEAM-CYLINDER STRENGTH RATIO USING STRAIGHT LINE STRESS DISTRIBUTION, r = 1 


Stress Computed By 


4000 3000 72000 /000 () 


Average Straight Line Formula; Beam-Cylinder Strength 
Sad Depth | Cylinder Value of n According to Ratio for n According to 
d,In. | Strength 
Lb. Per 
Sq. in. Observa- Obser- 
PAR Celis Dac: tions ONE @ 3 he Jac, vations 
1 10.2 1390 2870 3110 3350 2.06 2.24 2.41 
2 10:3 2790 4220 4120 4490 1.51 1.48 1.61 
3 10.3 4070 6120 5700 6030 1.50 1.40 1.48 
4 LOG 4800 7410 6650 7160 1.54 1.39 1.49 
5 10.2 5740 8410 7280 8000 1.46 1.27 1.39 
6 14.2 2590 4780 4730 5240 1.85 1.83 2.02 
6A 14.1 4130 6220 5770 6110 1.50 1.40 1.48 
tf 12.2 2950 4600 4630 5150 1.56 1.57 1.75 
8 8.0 2760 4570 4470 4950 1.66 1.62 1.79 
9 5.9 2900 4900 4740 5060 1.69 1.63 Weeds) 
10 4.1 2820 4170 4060 4310 1.48 1.44 1.53 
10A 4.1 3810 5900 5570 | 5870 1.55 1.46 1.54 
8 er 
S Computed comyress've S11 €55, Te, 10. PEF 5g 17? 
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Fig. 20—STRESSES IN BEAMS ACCORDING TO VARIOUS ASSUMP- 
TIONS AS TO DISTRIBUTION OF COMPRESSIVE STRESS; 
p=.057, n=10 


Institute Code of 1928,* (2) the values specified in the Joint 
Committee report of 1924,f (3) the values determined from the 
deformation measurements on control cylinders and on coupons 
from the reinforcement steel used in the tests. The compressive 
strengths of the concrete as obtained from the 6 by 12-in. control 


*Reinforced Concrete Building Regulations and Specifications, Proceedings, American 
Concrete Institute, Vol. 24 (1928), Sec. 601, page 802. 


*Standard Specifications for Concrete and Reinforced Concrete, Proceedings, American 
Concrete Institute, Vol. 21 (1925), Sec. 103, page 366. 
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-eylinders are also given in the same table. A comparison of 


values given in this table shows that the computed compressive 
stresses in the beams at maximum load were much greater than 
the cylinder strengths, the excess over the cylinder strength 
ranging from 27 to 141 per cent. These results are in agreement 
with those of the earlier tests shown in Fig. 1 and 2. 
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Fic. 21—RELATION OF BEAM-CYLINDER STRENGTH RATIO TO 
STRENGTH OF CONCRETE 


Fig. 21 shows the beam-cylinder strength ratio, that is, the 
ratio of the computed beam stresses to the cylinder strengths for 
the different values of n used. It is noted from this figure that 
the ratios were much larger for concrete of low strength than for 
high-strength concrete. For concrete strength of more than 
3000 lb. per sq. in., however, the decrease in the ratio with the 
increase in strength was very small. When the values of n used 
in the computations were in accordance with the American 
Concrete Institute code the beam-cylinder strength ratio was 
about 2.0 for 1500 lb. per sq. in. concrete, 1.75 for 2000, 1.55 for 
3000, 1.50 for 4000, 1.45 for 5000 and 1.40 for 6000 lb. per sq. in. 
concrete. For the two other values of used the relation between 
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the beam-cylinder strength ratio and the strength of the concrete 
follows approximately the same trend as the one found using n 
according to the American Concrete Institute code. 

The differences in the ratios for the three different sets of 
values of n were not large. 


TABLE 7—BEAM-CYLINDER STRENGTH RATIO USING PARABOLIC STRESS DISTRIBUTION, 7 = 2 


Stress Computed By 3 
Parabolic Formula Beam-Cylinder Strength 
Cylinder Using n According to Ratio For n According to 
Grou Depth | Strength 
No. d, In. Lb. Per 
Sq. In. Obser- Obser- 
ASO. k, A Ge vations | A.C. I. J. C8 vations 
1 10.2 1390 2050 2190 2090 1.47 1.58 1.50 
2 10.3 2790 3030 2960 2860 1.09 1.06 1.03 
3 10.3 4070 4380 4120 4000 1.08 1.01 .98 
4 10.1 4800 4920 4770 4800 1.02 .99 1.00 
5 10.2 5740 5580 5280 5440 .97 .92 .95 
6 14.2 2590 3370 3360 3280 1.30 1.30 1.27 
6A 14.1 4130 4380 4110 4020 1.06 1.00 .97 
7 12,2 2950 3230 3250 3050 1.09 1.10 1.03 
8 8.0 2760 3240 3190 3120 PVE 1.16 1-33 
9 5.9 2900 3470 3380 3300 1.20 Beale 1.14 
10 4.1 2820 2950 2890 2810 1.05 1.03 1.00 
10A 4.1 3810 4170 3980 3920 1.09 1.05 1.03 


Table 7 shows the extreme fiber stress in the beams at maximum 
load as computed by the parabolic formula, that is, the formula 
in which r = 2. The values of n used in the computations were 
the same as were used with the straight line formula. The com- 
pressive stresses were considerably less than those found for the 
straight-line distribution, but for cylinder strengths from 1400 
up to 4000 lb. per sq. in. they were greater than the cylinder 
strengths. For higher cylinder strengths the computed stress in 
the beam was approximately equal to the cylinder strength. 

The beam-cylinder strength ratios plotted in Fig. 21 for para- 
bolic distribution were found to follow approximately the same 
trend for different strengths of concrete as for the straight-line 
distribution. The effect of differences in the method of de- 
terming n on the beam-cylinder strength ratio was found to be 
negligible for the stresses computed by the parabolic formula. 

25. Effect of Depth of Beam on Beam-Cylinder Strength Ratio. 
The beam-cylinder strength ratios given in Tables 6 and 7, for 
beams with different depths, and two strengths of concrete (2800 
and 4000 lb. per sq. in.) have been plotted in Fig. 22. The results 
for the concrete having a strength of 2800 lb. per sq. in. give some 


s rey 
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indication of a slight increase in the ratio with increase in the 
depth of the beams. However, a curve drawn so as best to fit the 
points, indicates a higher beam-cylinder-strength ratio for the 
10-in. depth than that given in Fig. 21 for the 10-in. beams made 
with concrete having a strength of 2800 lb. per sq. in. This 
throws some doubt upon the justification for concluding that 
there was an increase in the beam-cylinder-strength ratio with an 
increase in depth of beam. This doubt is emphasized by the 
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Fig. 22—RELATION OF BEAM-CYLINDER STRENGTH RATIO TO 
DEPTH OF BEAM 


fact that the ratios for the 4000-lb. concrete showed no such 
increase in the beam-cylinder-strength ratio with the increased 
depth of the beam. From the data obtained, the most logical 
deduction seems to be that the beam-cylinder-strength ratio was 
independent of the depth of the beams. 


26. Shearing and Diagonal Tension Stresses. Table 5 shows the 
shearing stresses in the beams developed at maximum load. 
These shearing stresses were computed by the formula 


i) = ye where 


v = shearing stresses and 
W = total load on the beam 
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The value of 7 used in this formula was computed from the 
straight-line relation between stresses and strains, and the value 
of n was that found in the tests. On account of the fact that the 
strengths of the concrete were considerably higher than the 
strengths assumed in the design, the shearing stresses were 
correspondingly higher. However, none of the 10-in. beams failed 
because of high shearing stresses, nor were diagonal tension 
cracks found in any of these 10-in. beams. All of the beams having 
a depth to the center of gravity of the longitudinal reinforcement 
of 12 and 14 in. respectively, showed diagonal tension cracks in 
the web at a load equal to, or less than the maximum. Only one 
of these beams, however, failed in diagonal tension. This was the 
one in which 11-in. stirrups were attached to the lower layer of 
bars. The stirrups extended to about‘half way from the neutral 
axis to the top of the beam, that is, to about 414 in. below the top 
of the beam. At the maximum load a crack extended nearly 
horizontally at about the elevation of the upper ends of the 
stirrups, indicating that the stirrups were too short to be fully 
effective. Anticipating difficulties due to the shortness of these 
stirrups the other two beams of the same group had the stirrups 
attached to the upper, instead of the lower, layer of longitudinal 
bars and the upper and lower layers were connected by means of 
spacers welded to both layers. This raised the tops of the 
stirrups 134 in., or to within 234 in. of the top of the beam. 
Although diagonal tension cracks were developed in these beams, 
the beams did not fail in diagonal tension. These facts bring out 
well the importance of extending the stirrups from the reinforce- 
ment to as close to the compression surface of the beams as 
possible. Evidently extending to a point half way between the 
neutral axis and top of beam was inadequate, and extending 134 
in. higher was sufficient to prevent failure by diagonal tension, 
but probably extending it still higher would have been better. 
Fig. 11 is a photograph of Beam A of Group 6 which failed in 
diagonal tension. 


Only one of the beams, 8B, shallower than 10 in. (from com- 
pression surface to center of gravity of steel) developed diagonal 
cracks, and this one failed suddenly in diagonal tension as soon 
as the diagonal cracks appeared. However, this beam carried 
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approximately the same load as the average of the other two 
beams of the same group. The average shearing stress for these 
beams, 8A, 8B, and 8C, was about 280 lb. per sq. in. and the 
shearing stress assumed in the design was 267 Ib. persq.in. After 
the test, the concrete was cut away from around the inclined bar 
and a careful examination showed that there was no slipping of 
the bar, the welding was still intact, and the steel showed no 
sealing such as should be expected if it had been stressed beyond 
the yield point. Fig. 12b shows the photograph of the beam with 
the concrete chipped away to expose the inclined bar in the region 
of failure. 


The reinforcement for web stresses proved adequate for the 
purpose of the tests. It was desired to develop compression failure 
in all the beams. Even though the compressive strength of the 
concrete and the shearing stresses in the beams at maximum load 
were higher than the values for which the beams were designed, 
only two beams failed by diagonal tension. Even in these cases 
the loads carried were so close to those carried by the companion 
specimens that the compressive stress in the concrete when failure 
occurred must have been almost equal to the highest that could 
have been developed. 

27. Stresses in Reinforcement. In Fig. 23 the stresses de- 
termined from the strains observed at the level of the center of 
gravity of the reinforcement are shown as ordinates, and the 
stresses computed by the straight line formula using n as specified 
by the American Concrete Institute’s code, as abscissas. The 
plotted points represent the results from this series of tests and 
the solid straight lines are graphs of the equations given in the 
figure. These equations represent closely the relation between 
observed and computed stresses in an extensive series of tests 
carried out by the United States Geological Survey under the 
direction of Richard L. Humphrey about 25 years ago. On the 
whole the observed stresses agree very well with the computed 
stresses, rather more closely in fact than in those of the Geological 
Survey tests previously mentioned. For the high percentage of 
reinforcement used in these tests the straight line formula serves 
with sufficient accuracy for design purposes for computing the 
stresses in the reinforcement. It is not to be expected that agree- 
ment between observed and computed stresses will be as close 
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with’low percentage of reinforcement. This is brought out very 
well-in*the paper* formerly referred to. 

k As illustrated by the beams of group 1, Fig. 23, plotted as 
triangles, the divergences of the observed stresses from the com- 
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Fig. 23—RELATION BETWEEN OBSERVED STRESSES IN STEEL AND 
STRESSES COMPUTED ACCORDING TO A. C. J. SPECIFICATIONS 


puted stresses was somewhat greater than for any of the other 
beams. The concrete in these beams had a strength of only 1400 
lbper sq. in., whereas the next highest strength was 2800 lb. per 
sq.in. However, the amount of reinforcement was not much lower 
for group 1 than for group 2. This disparity in the amount of 
reinforcement and the strength of the concrete between this and 
the’other groups may account for a difference in relation between 
observed and computed stresses. Nevertheless, the difference 
has not been accounted for in detail. 

28. Stresses in Concrete. Fig. 24 shows the relation between 
the so-called observed compressive stresses in the beams and the 


*H. M. Westergaaird and W. A. Slater, ‘“Moment and Stresses in Slabs.’’ Proceedings, 
American Concrete Institute, Vol. 17, page 480, 1921. 
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Fig. 24—RELATION BETWEEN OBSERVED STRESSES IN CONCRETE 
AND STRESSES COMPUTED ACCORDING TO A. C. I. 
SPECIFICATIONS 


stresses computed by means of the straight line formula. The 
value of n used in these computations was according to the 
specification for the American Concrete Institute code. For the 
strains observed at the extreme fiber of the beam at different 
loads, corresponding stresses were taken from the stress-strain 
curve for the control cylinders. ‘These are the so-called observed 
stresses for the beams and have been plotted as abscissas in Fig. 
24. The ordinates in this figure are the computed stresses for the 
same loads on the beams. The dotted line gives the condition 
for equal computed and observed stresses. The stress-strain 
curves do not go as high as the strength of the cylinders because 
it was necessary to remove the measuring instruments before 
failure of the cylinder, in order to avoid damage to the instru- 
ment. The curves of the observed stresses therefore generally do 
not extend as high as the cylinder strength. They go far enough, 
however, to indicate that up to the stresses as high as the strength 
of the cylinders there is a close agreement between the observed 
and the computed stresses. The indication is that in a beam at 
the maximum load the compressive stresses are in agreement 
with the stresses for corresponding strains in the cylinders up 
to a height above the neutral axis at which the stress is approxi- 
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Fig. 25—RELATION BETWEEN OBSERVED DEFLECTIONS OF BEAMS 
AND DEFLECTIONS COMPUTED BY MANEY’S FORMULA 


mately equal to the cylinder strength. For points above this 
height the stresses in the beam are not known, but computations 
indicated that they must be somewhat greater than the cylinder 
strengths in order to produce equilibrium between the internal 
and external moments. This finding is in conformity with the 
fact previously pointed out that the maximum stress found in the 
prism tests was about 8 to 20 per cent greater than the cylinder 
strengths for the same concrete. 

29. Deflection. The average deflection for the different groups 
of beams of the five different strengths included in the series in 
which the size of the beams remained constant is shown in Fig. 25. 
For comparison deflections computed from a formula proposed 
by Prof. G. A. Maney* have also been shown. The solid curves 
represent the observed deflections, while the dotted curves re- 
present the deflections computed by means of Maney’s formula. 
Fig. 25 shows that a very good agreement exists between the 
computed and the observed deflections. This indicates that an 
intimate relation exists between the measured deformations of a 
reinforced concrete beam and the deflections. The deflection of 
reinforced concrete beams can therefore be computed as ac- 


*G. A. Maney, ‘Relation between Deflection and Deformation in Reinforced Concrete 
Beams.”’ Proceedings of the American Society for Testing Materials, page 310, 1914. 
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curately as can the deformations. It will also be noted from Fig. 
25 that the total observed deflection near the maximum load was 
practically equal for all the beams included in this series. 


TABLE 8—OBSERVATIONS NEAR MAXIMUM LOAD 


Measurements at Last Observation 
Maximum Computed 
Grou 0a Strains Strains in jd, 
No. Lb. Load Lb. in Extreme | Deflection kl, In. 

Steel Concrete In. In. 

: Fiber 
1 32,520 30,000 .00116 . 00206 44 6.4 8.37 
2 44,710 40,000 .00136 .00214 48 6.6 8.36 
3 63,300 55,000 -00135 - 00204 .46 6.1 8.25 
4 74,830 70,000 .00145 -00250 .54 6.3 8.16 
5 87,410 80,000 -00133 ..00231 OW 6.4 8.14 


In order for the deflections for all beams to be equal, Maney’s 
formula shows that the sum of the unit deformations in the con- 
crete and in the steel must be the same for all groups. Reference 
to Fig. 23 shows that the observed stresses in the reinforcement 
were approximately the same for all groups at maximum load, 
except possibly group 1. Therefore, the deformations in the 
concrete must also have been nearly the same at maximum load 
for all groups. That this is approximately true may be seen 
directly from Table 8. 


If equality of the compressive strains and equality of the tensile 
strains for all groups existed at the maximum loads the arm, jd, 
of the resisting moment and therefore the value of 7, must 
have been nearly equal for all groups. This also is shown in 
Table 8 to have been approximately true. It will be seen from 
the straight line formula for the position of the neutral axis, 


k = V2pn + (pn)? — pn 


that the value of k, and therefore the value of 7, depends entirely 
upon the product pn. In general, the value of p increased, and 
the value of n decreased as the strength of the concrete increased, 
maintaining the product pn nearly constant. The resulting 
computed value of j in these beams ranges only from .837 to .814. 
This seems to indicate that for design computations of stresses 
in the reinforcement of concrete beams the value of 7 might well 
be taken as constant regardless of the values of p and n. 
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SUMMARY 


30. Summary. (1) In the tests carried out for this investiga- 
tion all the beams had a width of 8 in. and a span of 9 ft. 6 in. 
The loads were applied at approximately the one-third points of 
the span. 

(2) The percentage of longitudinal reinforcement varied from 2 
to 6. This was sufficient to prevent any failures in tension in the 
reinforcement. The web reinforcement was designed to prevent 
failure in diagonal tension. 

(3) Two series of tests were included. In one of them 5 different 
strengths of concrete were used, ranging from 1400 to 5800 lb. per 
sq. in. as shown by the tests of the 6 by 12-in. control cylinders. 
In this series the depth from the compression surface to the 
center of gravity of the reinforcement was 10 in. In the other 
series, varying depths were used, ranging from 4 to 14in. In 
this series two strengths of concrete were used, 2800 and 4000 
Ib. per sq. in. respectively. 

(4) In the mixes for all strengths in both series the fine and the 
coarse aggregates were 40 per cent and 60 per cent respectively 
of the total aggregates. The water content was maintained 
constant at 40 gal. per cu. yd. of the resulting concrete. This 
gave very nearly the same consistency for all mixes. 


(5) In these mixes the quantity of cement ranged from 3.6 to 
7.7 sacks per cu. yd. of concrete. The strength of the concrete in- 
creased in almost direct proportion to the increase in the cement 
content. 


(6) A high degree of uniformity in the strength of the concrete 
was secured. This is indicated by the fact that the average of 
the maximum variations in the concrete strength for the different 
groups was only 6.4 per cent. The corresponding average of the 
maximum variations for the beams of the different groups was 
8.2 per cent. 

(7) All beams, except two, failed in compression of the con- 
crete close to the center of the span. The two exceptions noted 
were beams which failed in diagonal tension. However, even 
these beams developed shearing stresses as high as those for 
which the web reinforcement was designed and the beams were 
close to failure by compression. The failure by diagonal tension 
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was due to the development of a higher compressive strength 
than was anticipated in the design. 

(8) The 8 by 8 by 12-in. prisms loaded at the edge of the 
middle third of the cross-section developed compressive stresses 
about 20 per cent greater than the strength of the control cylinders 
from the same mix. 

(9) The compressive strength of the concrete in the beams as 
computed by the straight line formula was about 25 per cent 
greater than the compressive stress developed in 8 by 8 by 12-in. 
prisms loaded at the edge of the middle third of the cross-section. 

(10) The beam-cylinder strength ratio varied with the strength 
of the concrete. Using the straight line formula for computing 
stresses in the beams the ratio varied from more than 2.0 to 1.4 
for concrete having a range in strength from 1400 to 5800 lb. per 
sq. in. Using parabolic stress distribution the beam-cylinder 
strength ratio varied from about 1.5 to .95 for concrete having a 
range in strength from 1400 to 5800 lb. per sq. in. For concrete 
having a strength above 3000 lb. per sq. in. the ratio decreased 
very little. 

(11) Variations in the assumed values of had a small effect 
on the beam-cylinder strength ratio for computations made by 
the straight line formula, and a smaller effect for computations 
made by the parabolic formula. 

(12) Variations in the depths of the beams showed some effect 
on the beam-cylinder strength ratio. However, this effect was 
very small, and not entirely consistent. The data seemed to 
justify the conclusion that the effect of variation in the depths on 
the beam-cylinder strength ratio was negligible. 

(13) The relations between strength of concrete determined 
by beam tests and by cylinder tests, found in this investigation 
confirmed in a general way the results reported by Emperger, 
Graf and Bach, and by Slater and Zipprodt. 

(14) The observed stresses in the steel agreed fairly well with 
the stresses computed by the straight line formula. 

(15) A very close agreement was found to exist between the 
observed compressive stresses in the concrete of the beams and 
the stresses computed by the straight line formula up to a stress 
equal to the strength of the control cylinders. At the top of the 


874 JouRNAL OF THE AMERICAN ConcrETE INstiITUTE—Proceedings 


beam the compressive stress seemed to. be somewhat larger than 
the cylinder strength. 

(16) The deflections observed near the maximum loads on beams 
of different strengths but equal dimensions were found to be nearly 
equal. The deflections observed at different loads agreed very 
well with the deflections at the same loads computed according 
to Maney’s formula from the observed deformations. This is 
consistent with the fact that the arm jd of the resisting moment 
was found to be nearly constant for all the beams. 


Readers are referred to the JouRNAL for December 1930 (Pro- 
ceedings Vol. 27) for discussion which may develop. Such dis- 
cussion should reach the Secretary by Nov. 1, 1930. 


Discussion of Paper by I. E. Burks 


“CoNCRETING MrruHops AT THE CHUTE A 
Caron Dam’’* 


CONVENTION D1IscussION 


A. E. Lindau (Chicago)—I am not going to be deprived of a 
chance to talk, gentlemen, after all the effort I spent in trying 
to impersonate Mr. Burks. I am somewhat embarrassed in 
introducing Mr. Burks in his presence, because I intended to give 
a little background to his paper and I may not be as accurate in 
some of the things I state as I should like to be. However, that 
can all be rectified in the records and we can have all our facts 
straight. I am going to take you, for a moment, with me up to 
where Mr. Burks came from. I want to say that the location of 
this job, as nearly as I can get it from my observation and also 
from reading Mr. Burks’ paper, is about as far from Ignoraviat 
as any place could be. I do not know just where Ignoravia is; if 
it is somewhere between Chicago and New York, I suppose it is 
Pittsburgh. The place where this work is going on is under the 
shadow of the Arctic Circle, if it has any shadow, on the out- 
skirts of civilization, as it seemed to me, beyond which there 
wasn’t anything but bush, and when Mr. Burks gets through with 
his presentation, I think you will agree that he has carried 
civilization up to the waste and wilderness of the northern part 
of our continent. My occasion for an opportunity to see this 
work came in connection with a committee assignment, Com- 
mittee 801, Durability of Concrete, of which I happen to be 


*Mr. Burks’ paper having been published in the Journat for Feb. 1930 (A. C. I. Proceedings, 
Vol. 26, p. 315), the author was to have made a brief presentation of its outstanding features at 
the 26th annual convention. A few days before the meeting Mr. Burks wired he could not be 
present at New Orleans. The Program Committee drafted A. E. Lindau, who had been over 
the work at Chute a Caron, to understudy for Mr. Burks. When President Boyer called for 
Mr. Burks’ paper and upon Mr. Lindau to present it, he was met on the way to the rostrum 
by Mr. Burks, who, changing his plans late, had slipped in unannounced. The situation caused 
a good deal of merriment and accounts for Mr. Lindau’s participation in the discussion.— 
Epiror. 


+Referring to the mythical land of hap-hazard concreting methods, described by Arthur R. 
Lord in his convention presentation of the report of Committee 502—See March JourNnat 
(A. C. 1. Proceedings, Vol. 26, p. 588.) 
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chairman, is engaged in a survey of existing concrete structures. 
It has done a good deal of work during the past year as a com- 
mittee, and a great deal more work has been done by the indi- 
vidual members of the committee. Mr. Viens, a member of the 
committee, arranged a trip into Canada for his committee, which 
is of a similar character, of the American Society for Testing 
Materials, and invited Committee 801 to join him in a survey 
of concrete structures in Canada. We saw a good many struc- 
tures, principally hydraulic structures and those of you who 
have given any time or thought to the production of con- 
crete for hydraulic structures, probably realize what a problem 
is presented tothe engineer and constructor in order to get 
a job that will last, that will be permanent and satisfactory 
as a structure. Before arriving at the site of this work that 
is being done by Mr. Burks, we saw several hydraulic struc- 
tures, particularly dams, some of them of the type which 
may be designated as comparatively thin slabs supported by 
walls, in which the water was very evidently getting in its work. 
Others were of the gravity type, in which the water, the frost 
and the action of the air was also getting in its work. It was 
therefore a very great privilege for us to take a trip to the out- 
post of civilization. I do not know just exactly how far north 
of Quebec it is; it is up in the Lake St. John region, a night’s 
ride. We landed there in the morning, at Jonquiere. 

As you know by the paper, the dam is at Kenogami, near 
Chicotimi. Chicotimi is on the Saguenay river, an Indian 
word which means ‘‘deep up to here,” the Saguenay being navi- 
gable up to that point. We found one of the largest concrete 
construction jobs probably on the continent. We found men in 
charge of this job who, apparently, have absorbed the informa- 
tion which comes to us through the Institute in the production of 
concrete. We found a job organized, it seemed to me, to the last 
detail of perfection, with a laboratory and the men in charge of 
the laboratory, who were continually controlling the quality of 
concrete, who were controlling the mixture of the aggregates and 
the result of that very highly efficient organization is probably 
going to produce a concrete job upon the Saguenay river that 
Committee 801 can visit in five or ten or twenty years—if it is 
longer than that I won’t be there—and no doubt have every 


Concreting Methods at the Chute a Caron Dam 877 


reason to feel that it is going to be satisfactory. So, with that 
as a little introduction and a little background for the work that 
Mr. Burks has done, I am very pleased to yield the floor to the 
man who is in charge and can tell you more about it. 


I. E. Burks (Kenogami, Quebec)—It was twenty-six below 
zero when I left camp four days ago, and the warmth of this 
introduction, coupled with this balmy air, has almost made me 
perspire. (Mr. Burks summarized his published paper briefly.) 

Duff A. Abrams (New York City)—I would like to ask Mr. 
Burks a little more about this factor that he uses in reference to 
the mortar test cylinders as compared with the larger concrete 
specimens. I read the paper, but I am not sure that I got that 
just straight. Do you figure that the mortar cylinders are 95 
percent of the concrete? 

Mr, Burks—No, from 110 to 135 percent of the concrete. They 
are always higher. 

Mr. Abrams—I wonder if there is another factor involved 
there that may not have been considered? As I visualize a 
concrete test, the first thing that happens is expansion of the 
diameter of the specimen; in other words, secondary stress. 
Concrete, in reality, deals with tension, so that the cylinder must 
be distorted to a certain extent, to give tension failure. Now, a 
small cylinder will reach a distortion of its diameter which will 
produce failure very much later than a large one; consequently 
I would expect just that result, that a small cylinder will give 
higher distortion than a large one; in other words, with a smaller 
cylinder you would get higher value with exactly the same 
materials. 

Mr. Burks—That is actually what happens. Our 2 by 4-in. 
cylinders show higher strength than the 6 by 12-in. and 8 by 
16-in. specimens, though all are out of the same mix. 

Mr. Lindau—1 think we have one of the most interesting and 
valuable papers that has ever been before you. I think that 
while we have Mr. Burks here and he is still warm, in this warm 
climate, that we ought to get all we can out of him. I do not 
know how many of you have read the paper; as the President 
said, I had to read it. In addition to my experience up there, I 
have a number of things in my mind about it. Some of the things 
struck me as being interesting, at least they were new to me. 
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Maybe I am one of these office men who do not go out on the 
job often enough, but so far as I know, I have not been on a 
concrete job where they have operated their mixer with a flash- 
light to tell them when to start their mixer and when to turn it 
off and how to handle all the various operations with a sort of 
a traffic signal system. I have not been on any other job where 
the concrete came to the forms in trainloads and they had a 
dispatching system to handle the cars. That is rather a new 
idea in the transportation of concrete, at least to me; and then 
there is another picture that sticks in my mind about that job. 
I remember in the discussion some years ago of concreting 
methods at the Muscle Shoals dam, John Earley was struck by 
the remark made by a man describing the concrete, that they 
measured its workability by the depth that the men sank into 
the concrete, whether up to their ankles or part way to their 
ankles—that that was a very simple and easy way to tell what 
kind of concrete you had. I climbed up on the forms and looked 
over the edge where they were putting in the concrete on this 
job on the Saguenay river, and the men were not sinking up to 
their ankles or part way to their ankles, they seemed to be slip- 
ping around on a material that had the consistency of blue clay 
that has a little water init. There was not very much appearance 
of any water anywhere on the job. While these men were at 
work, a batch of concrete would be dumped, and two men would 
put the little vibrator on it, and the concrete would melt down 
about them. Those are some of the features in connection 
with this job that were quite a novelty to me and will be to 
most of you here, probably, who have heard the paper. 


Arthur R. Levison (Pittsburgh, Pa.)—I would like to ask the 
maximum period from the time a batch goes to the mixer until 
it is deposited in the work? From the reading of Mr. Burks’ 
paper, I would assume it to be considerable, owing to time in 
transit, and delay at point of deposit. I would like to know the 
condition of the concrete that was held the maximum time as 
determined visually or by tests, or both. 


Mr. Burks—The extreme haul is about four miles, and the 
maximum age of concrete on this haul would be about fifty 
minutes when it is placed in the forms. We have a one hour law; 
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if concrete is over an hour old we throw it away. The condition 
of concrete of questionable age is determined visually and not 
by any test. Apparently there is very little difference in work- 
ability in concrete fifty minutes old and one hour old. 

S. C. Hollister (Swarthmore, Pa.)—I notice the statement is 
made that when the vibrators are used, a stiff mix is used to the 
extent that the batch yield can be increased five to ten percent. 
I would like to know on what basis the batch yield may be defined 
in this case? 

Mr. Burks—We meant that without the vibrators the concrete 
would have to be of such consistency that it could be booted in 
place by the ordinary methods, but where you use vibrators you 
can add more sand and stone to a given quantity of cement and 
water and increase your batch yield. 


Mr. Hollister—On what is the percentage based? 


Mr. Burks—On the percentage of the yield you would get if 
the workability was being regulated to fit ordinary placing 
methods where the concrete would have to be softer than if 
you were using vibrators. 


Mr. Hollister—You mean the percentage of volume in place? 


Mr. Burks—Yes sir. For example, a given quantity of cement 
and water might take only enough sand and stone to produce 
three and eight-tenths yards of soft concrete; while if you could 
use stiff concrete you could add enough more sand and rock to 
your batch to make it yield say four and two-tenths yards of 
concrete. 


Mr. Hollister—Using the same proportions otherwise used? 


Mr. Burks—The quantity of cement and water would be the 
same but the quantity of sand and stone would be greater, so 
the proportions would be changed somewhat. 

Ernest Ashton (Allentown, Pa.)—I would like to ask whether 
the interpretation on workability of the mix was given by the 
man at the mixers or the man placing the concrete, and secondly, 
whether the interpretation of the quality of the concrete is 
based on compression test specimens? 


Mr. Burks—The workability is regulated by the inspector at 
the form who is in contact with the mixing plant inspector by 
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telephone. The inherent quality of the concrete is based on 
the compression test—but we take pains to see that that quality 
is not lowered by improper placing in the forms. 


Alexander Allaire (Atlanta, Ga.)—I did not quite catch 
whether with the electric vibrator, it is not necessary to spade 
the forms in the face of the concrete. Second, is there any 
trouble in getting the concrete out of the bucket after it had 
been in 50 minutes? 


Mr. Burks—We have two men with each placing gang to 
spade the form faces. There is no trouble in getting the concrete 
out of the buckets because we use a bucket designed especially 
for stiff conerete—it has vertical sides and is center-dump. It 
only requires about fifteen seconds for a bucket to actually 
discharge its load. 


R. L. Leftwich (New York City)—We have used the electric 
vibrator on a job for placing concrete in pre-cast piles. The 
specifications permitted driving the pile when a strength of 
3500 lb. per sq. in. was attained. The vibrators helped to obtain 
this strength at an average age of 12 days on account of reduc- 
tion in water-cement ratio. A 14-in. to 1-in. slump concrete 
could be placed with the vibrator where spading would have 
required a 4-in. slump. 


Since no additional cement was required to obtain the specified 
strength at an earlier age considerable economy was effected. 
There is also a saving in labor by using the vibrator as one man 
with a vibrator can easily do the work of four or five spaders. 


Drying up concrete to a consistency best for placing with 
vibrators may according to some authorities reduce the spread 
of mortar which produces that skin protection so desirable in 
concrete around sea water. We are now making some tests to 
determine the facts on this point. 


Lloyd Wilson (Cleveland, O.)—I would like to ask Mr. Burks, 
if at twenty-six degrees below zero the day he left, they were con- 
creting that day? If not, at what temperatures they stop con- 


creting, and at what temperature they put the concrete into the 
form? 
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Mr. Burks—We did not happen to be concreting on the day 
I left camp, but we placed concrete during November when it 
was from 30 to 40 degrees below zero. We have no low tempera- 
ture limit on when to stop placing. We heat the water, heat the 
sand, and the batches leave the plant at from 85 to 90 degrees. 
We sometimes lose up to 8 per cent of heat in delivering it to the 
forms—depending on the length of haul and weather conditions. 

Mr. Wilson—Do you give it any protection after it is in the 
form? 


Mr. Burks—Oh yes, that is all covered in detail in my paper. 


C. P. Derleth (St. Louis)—I would like to ask Mr. Burks 
whether he made a report of any investigation as to the degree of 
compactness obtained in the elimination of air pockets? 


Mr. Burks—I have never written any report on the degree of 
compactness obtained, but we have drilled out several large 
blocks of concrete from the dam and had them sawed into sec- 
tions. From visual inspection we found what I would say were 
very few air pockets. 


Louis J. Street (Winnipeg, Manitoba)—I was very much 
interested in Mr. Burks’ statement as to 26° below zero. I 
would like to ask Mr. Burks if he ever tested any cylinders when 
exposed to zero temperatures over night? We have made experi- 
ments in Canada with concrete cylinders three weeks old and one 
week old, left out over night and tested the next morning, and 
we had double the strength that the companion cylinder would 
have. I do not know the reason for this, but it is a fact that 
concrete tested at zero weather or at a temperature below zero 
in that stage has doubled the normal strength. 


Member—Frozen concrete. 


Mr. Street—I would not call it frozen, but it is a phenomenon 
that I have not had an explanation of, but it is a fact. 


Member—In regard to the question asked by the last speaker, 
a recent bulletin from the Iowa State Highway Commission 
reports the results of compression and beam tests made at differ- 
ent temperatures. In one test the temperature was 125; in 
some, at 70, in some at 32 and in some at 40 below zero. As 
the temperature was increased, there was an increase in strength 
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in each case, and the frozen cylinders and frozen beams gave 
about twice the strength, or 175 to 200 per cent of the specimens 
tested at 70°. The explanation given by Mr. Schlick was that 
the moisture in the specimen was frozen at these low tempera- 
tures and you were really testing ice. Professor Hatt has 
pointed out the same thing, that a beam when tested in a frozen 
condition gave seventy-five percent higher strength than when 
tested at a normal temperature. 


Raymond E. Davis (Berkeley, Cal.)—In a series of tests at the 
University of California of concrete, previously hardened at 
various temperatures and then tested at those particular tem- 
peratures, we definitely established the fact that the higher the 
temperature the lower the strength, beginning way below freezing 
and going way up to the boiling point of water. There was a 
very pronounced increase of strength as the temperature was 
lowered, and we also discovered that the leaner the mix the less 
difference it makes. In the rich mixes, there was a material 
difference between the 70° concrete and the 100° concrete in the 
strength of the concrete at the time it was tested. 


F, E. Richart (Urbana, Ill.)—I call your attention to a bulletin 
of the University of Texas, where in reference to tests made by 
Prof. Thomas Thayer, the same thing was mentioned. These 
tests showed that for the range of 200 degrees, that the increase 
in temperature produced a decrease of strength. That was par- 
ticularly interesting to me, not only in the question of freezing, 
but that these cylinders above the normal temperature of 70°, 
showed that strengths decreased in proportion to the increase 
in temperature. 


William S. Thompson (Chicago)—I would like to ask Professor 
Richart what was the age of these cylinders at the time they were 
subjected tc these various temperature tests? 


Mr. Richart—I think they were 28-day cylinders, and these 
temperatures applied immediately before testing. 


C. M. Chapman (New York)—It seems to me that there ought 
to be something said here about this question that is under dis- 
cussion, to make it very plain that it is not an advantage to 
cure concrete at these low temperatures. I think it is plain to 
those who have followed any of these previous tests, that all of 
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these specimens that showed the high strength at the low tem- 
perature, were cured and hardened under normal conditions that 
would promote hardening, and this high strength at low tem- 
peratures is not a result of curing at these temperatures. 


Arthur A. Levison (Pittsburgh, Pa.)—In the northern states, 
Mr. Burks, we have experienced considerable difficulty in con- 
trolling the water cement ratio in concrete mixes when using 
live steam for heating the aggregates or introducing live steam 
into the drum of the mixer for heating the mixture. This comes 
about through the condensation of the steam coming in contact 
with the colder material. Is that a duplicate of your experience, 
and if so, how have you handled it in connection with the control 
of the water-cement ratio? 

Mr. Burks—We make hourly tests to determine the moisture 
content in the sand and the amount of mixing water is reduced 
accordingly. According to tests we have made, the one-inch 
steam jets in the mixer add about six pounds of water per mixing 
minute when the boiler pressure is from 80 to 85 pounds. 


BY HERBERT J. GILKEY* (BY LETTER) 


SucH papers as this one go far toward bridging the almost 
inevitable gap between laboratory findings and job applications. 
It is obvious that Mr. Burks makes his job his laboratory and 
refuses to permit mere yardage to suppress his inquisitiveness 
about things that may affect quality 

While the whole paper testifies to the truth of the foregoing, 
the writer will confine his remarks to but one phase of Mr. Burks’ 
practical investigational activity. 

Over a period of several years the writer has found that mortars 
are invariably and fundamentally stronger than their concretes. 
Within the writers experience the percentage excess has ranged 
from 15 to more than 50 per cent and the differential is present 
for all ages, curing conditions, and a great variety of mixtures. 
A published statement! of these findings a few years ago created 
some little controversy on the subject.2, There seemed to be a 

*Professor of civil engineering, University of Colorado. 

1‘The Coarse herroeote in the Concrete as a Field for Needed Research,’’ Proc. A. C. I., 


Vol. 23 (1927), p. 363 
2Same, pp. 389-414. 
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distinct conflict of evidence on the part of different investigators. 
For this reason the writer has continued his researches along 
these lines and has followed similar work on the part of others 
with a great deal of interest. He has therefore known something 
of Mr. Burks work on this subject. A preliminary report of 
the Santeetlah tests appeared in the Technical News Bulletin of 
the Bureau of Standards. This report was incomplete and 
apparently no other has appeared. It is extremely interesting 
therefore to see that Mr. Burks still feels that there is an appreci- 
able differential between the strength of the concrete and its 
mortar. ? 


Since publishing the original paper the writer has conducted 
several additional series of tests to supplement his previous ones 
and the evidence continues to give unqualified support to former 
findings. For years it has been his practice to weigh the mold 
plus specimen as made and again a few hours later prior to 
capping and after all water loss by leakage and evaporation had 
ceased. While thin mortars sometimes lose a higher percentage 
of their mixing water than do concretes (thus giving a relative 
lowering of the water-cement ratio), the strength differential 
from this source is but a fraction of the total. The water-cement 
ratio curve for the mortar is always above that for the concrete 
and this is easily recognized even though the over-lap be but 
partial on account of the relative thinness of the mortar. 


Within the past two months a new series of concretes and 
mortars from crushed granite and granite screenings shows the 
greatest differential yet observed. After correcting for leakage 
from the molds, 28-day concretes 1:214:4 (by weight), of water- 
cement ratios of 0.90 and 1.00 respectively gave strengths of 
3,300 and 2,600 lb. per sq. in. at 28 days while the 1:2.5 mortars 
gave 4,550 and 4,000 lb. per sq. in. Strength ratios are from 
1.37 to 1.54. Seven-day tests gave parallel indications. Similar 
results were obtained when 1:3:5 concrete was compared with 
1:3 mortar, all made from the same materials. 


3Jan. 1928, p. 5. 
4Proc. A.C. 1., Vol. 24 (1928), p. 157. 
5Proc. A. C. 1., Vol. 23 (1927), pp. 376, 377. 
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As the maximum size of aggregate increases it is possible to 
crowd more stone into mixture thereby effecting distinct econ- 
omies from the standpoint of yield. While the use of large indi- 
vidual plums has generally been found to be undesirable because 
of interference with other operations, there seems to be definite 
economy in passing cobbles (10 in. or less) directly through 
mixers designed to accommodate them. As Mr. Burks has pointed 
out, it is expensive and impracticable to test concrete that 
includes cobbles. If the cobbles do have an influence upon 
strength or other properties, it is the engineer’s business to know 
of it. The possible strength differential is probably more than 
offset by the added economy with a sufficient margin to warrant 
an enrichment. of the mixture sufficient to counteract the effect 
of the cobbles. 


Granting the existence of a difference it is up to the concrete 
technician to devise adequate and accurate means of inspection 
and control. Mr. Burks has ingeniously used the mortar as his 
criterion of concrete quality. In many cases it is probable that 
the mortar would be too fluid and the use of concrete samples 
obtained through a 11% or 2-in. sereen might well prove to be a 
more satisfactory yardstick. 

In the meantime the importance and use of cobble-concrete is 
increasing and the “yardstick,” whether of mortar or concrete, 
needs to be further calibrated. A refined properly controlled 
test program to supplement that which Mr. Burks conducted in 
connection with the Santeetlah Dam is a present necessity to 
this end. The undertaking is not a small one. If specimens 
varying materially in size are used, different temperature con- 
ditions and possible shrinkage stress within the mass may enter 
as disturbing factors. For specimens differing greatly in height 
“water gain’® might also prove to be the source of another 
variable. In the conduct of such a program it would seem highly 
desirable that every test include accurate determinations of 
lateral and longitudinal strains since they contribute much 
toward a better understanding of what is taking place within 
the mass.’ 


6Water-gain and Allied Phenomena, Engineering News Record, Feb. 10, 1927, Vol. 98, No. 6, 
p. 242. 

7Some very recent 7 and 28-day tests of concretes identical except that the coarse aggregate 
in one group was all below one-inch and in the other it was all above 14% inch, showed a 
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With his demonstrated research ability and previous interest 
and experience with the problem, it would be a fortunate circum- 
stance if Mr. Burks might himself undertake to supplement his 
previous findings. In the meantime much credit is due him for 
his contributions in the field of large-scale concrete construction 
and control. 


Readers are referred to the JouRNAL for Oct. 1930 (Proc. Vol. 27) 
for further discussion mhich may develop. Such discussion must 
be available before Sept. 1, 1930: 


more rapid lateral swelling in the concrete which contained the larger aggregate. It was evi- 
dently the result of pronounced slipping along the larger aggregate surfaces. 


There was also a pronounced difference in favor of the concrete containing the smaller size 
aggregate. This was 28 per cent for 1:2.5:4 mix with 7.5 gal. pei bag and only 5 per cent for 
1:3:4 mix with 9 gal. per bag. Indications at 7 and 28 days were in close agreement. 


Vom OU 
‘ 


Discussion of Paper by H. F. Gonnerman 


“Stupy oF Metruops oF Curing ConcretE’’* 


CoNVENTION DiscussION 


D. D. McGuire (Nashville, Tenn.)—It may not be amiss to 
tell you of another research project, of a field nature, in Tennessee 
where we used 25 different types of curing, each repeated four 
times, on seventeen miles of concrete highway. There are 128,000 
breaks. The interesting thing about this particular project is 
the fact that it compares a research type of cure with a section of 
concrete pavement cured by a standard earth and water method 
directly across the pavement. Comparisons to be drawn from 
the research results and the standard method will be from a very 
practical standpoint. I think we are going to get some results 
somewhat different from those Mr. Gonnerman has reported, 
although I am not prepared yet to give the final data. This isa 
cooperative project between the Bureau of Public Roads and 
the Tennessee State Highway Dept. Data will probably be 
published in Public Roads. 


Ben Moreell (Washington, D. C.)—I think you might be 
interested in a survey made by the Navy Department, along 
the line Mr. Gonnerman described, exeept that we made no 
test. Our survey was intended to gather information from 
various practising engineers, our own among others, as to what 
results had been obtained with the different methods of curing 
concrete pavements. Now I think one of the points that Mr. 
Gonnerman touched on was not sufficiently emphasized. He 
mentioned briefly the effect of absorption of heat by the black 
surface coating. We found in our survey that the effectiveness of 
any particular kind of curing agent was dependent to a large 
extent upon climatic conditions. For example, the use of calcium 


*JouRNAL, A. C. I., Feb. 1930; Proceedings, Vol. 26, p. 359. 
(887) 
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chloride as a surface treatment, in a hot, dry climate, will, we 
found, lead almost invariably to flaking and poor curing. Calcium 
chloride, as you know, is a deliquescent agent; it absorbs water 
from any source it can get it, and for that reason it is used to a 
large extent as a dust settler on earth and gravel roads. The 
action of curing in a concrete road is similar. In a dry climate, 
when it cannot get the moisture from the atmosphere, it takes it 
from the conerete. In any event, that opinion was confirmed by 
communicating with various practicing engineers. On the other 
hand, calcium chloride as a surface treatment, flake calcium 
chloride, has been very successful in humid atmospheres and 
it is quite easy to see why it should be. Usually a humid atmos- 
phere is one where there is not a large daily variation in tem- 
perature. That brings up another point we found in our survey 
of the effectiveness of bituminous coatings—that where there is 
a large daily variation of temperature, there is considerable ab- 
sorption of heat by the black coatings, and that the concrete is 
called upon to resist temperature variations at the very period in 
its life when it is not able to do so. In other words, we lose the 
insulating blanket that is obtained by the use of earth or straw 
curing, and I think that is a very important point. Our survey 
indicated that in such climates the use of a bituminous coating 
for curing resulted in appreciably increased cracking of the roads. 

I was very glad to hear Mr. Gonnerman say that he does not 
consider calcium chloride used as an admixture, as a curing agent. 
Our investigation indicated that calcium chloride is purely and 
simply an accelerator, and if you look on it as such and provide 
sufficient water for water curing in the early days of the calcium 
chloride admixture curing, you will probably get something 
for your money; otherwise I am afraid you won’t. I think the 
most important conclusion that we drew was the fact that in a 
hot climate—and we usually build concrete roads when the sun 
is boiling down—the effect of the insulating blanket obtained 
by wet earth or straw is something which should not be neglected. 

Mr. McGuire—May I ask the last gentleman who spoke 
what he recommends for curing concrete pavements? 

Mr. Moreell—I am glad to tell you; water curing. Now the 
people who try to sell you various materials for curing concrete 
-pavements finally wind up and say “But there is the human 
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element; when you wet your earth covering or your straw cover- 
ing, how do you know it is going to stay wet?’”’? Why, hell, that 
is what we engineers are paid for, to see that it stays wet. 

Mr. McGuire—I want to pass one bit of information that is 
not perhaps included in our cooperative research: there are 
five curing agents, we found, that are better than earth and water. 

Mr. Moreell—I think that is very true; you may have found 
that, but don’t forget the point I mentioned first, that the effec- 
tiveness of any curing agent depends almost entirely upon the 
climatic conditions. We found at Puget Sound, that calcium 
chloride surface treatment was very effective; we could not tell 
the difference between that and water curing, and it was cheaper 
for those particular conditions. But why? Because Puget 
Sound happens to be where the atmosphere is very, very humid. 
Now I am familiar with the experiments being conducted in 
Tennessee, and they are admirable; we will get a lot out of them; 
but not everything, and the reason is because the climatic con- 
ditions are not sufficiently varied there to bring out the difference 
in the results from that cause. 

Mr. McGuire—There is a problem in curing that I think 
should not be missed. We sometimes have to lay concrete pave- 
ments where water is not available. In Tennessee we have a 
section where it is hard to get enough water for mixing, to say 
nothing about curing, and you can bet your bottom dollar that 
when contractors are laying concrete in that part of the country, 
they are not going to put any of the water in curing if they can 
help it, because they want it to lay concrete. There has to be 
some substitute that we can use for curing concrete pavements, 
or, as highway engineers, we are going to be faced with a great 
problem. 

R. S. Hale (Montgomery, Ala.): I want to ask Mr. Gonner- 
man if he found any difference in the effectiveness of the different 
cures of slags, gravel, or stone concrete, and what he based his 
tests on? What aggregates did you use? 

Mr. Gonnerman—We used only the one aggregate and one 
mixture—1:2:3 mix (dry rodded volume) concrete containing 
about six sacks of cement per cubic yard. 

Mr. Hale—There is a field for investigation there; I believe 
there is some difference in the effectiveness of cures on different 
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aggregates, sand, gravel and limestone. I would like to hear 
some discussion on that. 

Chairman Lord—Mr. Gonnerman, what was the water cement 
ratio? 

Mr. Gonnerman—A little over five gallons per sack. I think 
the point the gentleman just made here has to do with the effect 
of the absorption of aggregates on the curing. He has the idea 
that by having an absorbent aggregate it takes quite a little water 
in the mixture which is later available for the hydration of the 
cement. We have not covered that point in our investigation. 
It might be well to go into it. 

Chairman Lord—One of the interesting things to me in this 
paper is to compare these figures as you have them on pages 370 
and 371. It is rather interesting to see the very great difference 
between that 7000-lb. concrete for water curing and the results 
found by some of the other methods. 


BY W. W. ZASS* 


WHILE curing is considered essential in the proper development 
of the qualities of any type of concrete structure it is probably 
practiced more extensively in connection with paving work than 
in connection with bridge or building work. This condition is 
doubtless due first to the greater area of surface exposed without 
protection of form-work and the comparative ease and low cost 
involved in comparison to applying the same methods to struc- 
tural work. 

In connection with paving work it is common practice to 
specify a curing period ranging from 7 to 14 days and opening the 
pavement to traffic at the end of that period or to specify a pre- 
determined strength requirement and open the pavement to 
traffic as soon as such strength is obtained regardless of the curing 
period specified. With this condition in mind it is believed that 
a comparison of results obtained from different curing agents 
should be evaluated to a curing period of a duration similar to 
which the structure is to be subjected rather than to a theoretical 
curing period of a duration that never obtains in actual practice. 
If a pavement is opened to traffic at the expiration of a 7-day or 
a 10-day curing period it is desirable to employ a curing agent that 


*Engineer of Construction, Arkansas State Highway Commission, Little Rock. 
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will presage the greatest strength at that age regardless of what 
evaluation may be obtained at a 90-day or 360-day period if 
curing had been prolonged throughout that entire period. 


The tests summarized in the “Study of Methods of Curing 
Concrete” by H. F. Gonnerman, do not emphasize the value of 
the results obtained through the use of the several curing agents 
at the 7-day and 14-day periods, with relation to the value 
obtained through water curing at the same periods, although this 
comparison is emphasized for the longer periods of 3 months and 
1 year, which latter periods never obtain in practice. The data 
for such an evaluation is available however in the text of the 
article in question and the results are shown in both Fig. 1 and 
Fig. 2, together with the comparison at the age of 28.days, three 
months and one year. It is unfortunate that 7-day and 14-day 
results are not available for each type of curing as it is believed 
that it is on strength at this age that the evaluation of the several 
types of curing should be made. 


An analysis of these charts indicates that neither concrete 
cured in water at a temperature of 70° F. nor concrete cured in a 
moist closet for 13 days gave a greater efficiency at the 7-, 14-, 
and 28-day periods than several other types of curing agents 
either in compressive strength or modulus of rupture. A review 
of the text indicates but a slight difference in depth of wear. 
From the standpoint of ease of application, positive control and 
economy in cost several curing agents now on the market excel 
any of the methods of water curing. It has been heretofore con- 
tended that some form of water curing is superior to commercial 
agents but the results of these tests do not support this conten- 
tion for the length of curing period to which pavement work is 
usually subjected. 


If, as it has been commonly accepted, a 7-day to 14-day curing 
period is satisfactory for concrete slab work, it should be equally 
satisfactory to use a commercial agent for such curing in accord- 
ance with the results of the study indicated, and recommenda- 
tions to this effect should be emphasized in that such agents 
receive equal evaluation in comparison to some form of water 


curing. 
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BY R. F. REMLER* 


We appreciate the opportunity afforded us to discuss Mr. 
Gonnerman’s paper. 

Laboratory tests, as reported, should give at least relative 
results. However, the tests as conducted are not comparable to 
road construction, neither are they relative in many instances 
to each other. This is regrettable, as such papers are quite often 
referred to in sales promotion, and are unjust to those concerned. 


A laboratory test of this nature, regardless of how compre- 
hensive, is only a poor criterion by which to judge the practica- 
bility of a curing method for concrete roads. The writer knows 
of no extensive laboratory test on curing which has taken into 
account the drying effect of the wind and the radiated heat of 
the sun. The former accelerates the drying of the green concrete 
as much as any other factor, and the latter produces a different 
volume change where there are surfaces cured by various methods. 

These various methods of curing depend on their different 
and individual properties, which react dissimilarly under labora- 
tory and field tests. Conditions in the laboratory, which favor 
one method have quite the opposite effect on another. 

Silicate of soda curing depends upon the setting of a gelatinous 
film, and the greater the drying elements, the more rapidly this 
film is produced. This is when curing is most needed and when 
silicate of soda is most effective. However, these are not the 
conditions found in laboratory tests. The average laboratory 
tests have given results with silicate of soda far below actual 
field tests, or cores from actual construction work. (‘Special 
Investigation on Curing of Concrete Pavement Slabs,’’ Proceed- 
ings Ninth Annual Meeting of the Highway Research Board, 
1929.) For this reason, we do not recommend silicate of soda 
as a curing agent for interior work. 

It is difficult to obtain a satisfactory film of silica of soda on 
a vertical surface, especially an oil-coated surface produced by 
oiled molds. In the paper to which we refer, the forms were 
taken from the silicate-of-soda-cured specimens and both the 
top and sides coated with silicate. In comparison, results are 
given on specimens cured in waterproof bags. This, one must 


*Grasselli Chemical Co., Cleveland. 
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admit, produces an excellent moist cabinet, but we doubt the 
practicability of this procedure in road construction. Specimens, 
surface cured with calcium chloride, were left in the molds and the 
top edge dyked with paraffin to prevent moisture from running 
off. We have never seen the dyking of calcium-chloride cured 
roads, however, we feel sure it would be more necessary on a 
two-inch crown or grade than on level specimens.. 


The report shows, that cylinders not cured, but left in molds 
gave as good or better results than the various methods, with 
the exception of those immersed in water or placed in a moist 
cabinet until tested. Likewise, the beams tests on specimens not 
cured but kept in forms, show considerable increase over speci- 
mens kept in forms one day and uncovered in air the remaining 
time. This indicates that the forms played a considerable part 
in the water retention of these specimens. Therefore, results 
are not comparable, where one series is permitted to remain in 
the forms and the other taken out and the sides and tops coated. 
Where this is carried out on 6 x 12 in. cylinders, there is approxi- 
mately ten times as much surface to be protected by a curing 
agent per unit volume as compared to cylinders left in forms, 
and treated only on the top surfaces. 


The wear tests reported by Mr. Gonnerman show silicate of 
soda inferior to the bituminous methods of curing. This is not 
in accord with field tests made by the U. S. Bureau of Public 
roads and reported in the February 1930 issue of Public Roads, 
nor does it substantiate tests made in our own laboratory. 


The absorption tests as conducted and reported are as incom- 
parable as some of the other tests. It has been determined by 
experiment that any specimen of concrete washed with kerosene 
will repel water to the same degree, regardless of the curing 
method. Kerosene has a boiling point of approximately 150° 
to 300° C. and cannot be entirely removed by heating a specimen 
at 100° C. for a short time as stated in the paper. 


Therefore, in view of these facts, we feel that Mr. Gonnerman’s 
laboratory results are not relative in many instances to each 
other, nor comparable to actual road conditions. 
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BY JOHN A. FOCHT* 


Durine the summer of 1929 the writer tabulated the results 
of compression tests made on concrete cylinders and cores taken 
from concrete highways laid in Texas in 1928. (This information 
is published in Bulletin 2922, Bureau of Engineering Research, 
University of Texas). This study included two Jobs using various 
methods of curing, and the results may be of some interest at this 
time. | 

It must be remembered that the cylinders in the above study 
were made in the field, and cured in the field by the respective 
inspectors until the cylinders were from two to three weeks old, 
at which time they were shipped to the laboratory. In 1928, 
when these cylinders were tested, the treatment of the cylinders 
at the laboratory was as follows: The rough end or ends of the 
cylinder were smoothed with a hammer and chisel upon its 
arrival at the laboratory, and the end or ends capped with plaster 
of Paris. The cylinder was stored in air in the laboratory until 
it was twenty-eight days old, when it was crushed. The present | 
practice is to cap the ends with neat cement after the ends of 
the cylinder have been smoothed, and then store the cylinder in 
the moist air closet for at least one week, or until it is twenty- 
eight days old, when it is tested in a moist condition. 

Job number one covers a period from December, 1927 to 
June, 1928. The cylinders from December until about the first 
of May were reported as having been cured by the standard 
method, wet earth. Beginning about the first of May and con- 
tinuing through the remainder of the job, about two-thirds of 
the cylinders were cured with sodium silicate, and one-third with 
wet earth. During the period when wet earth and sodium silicate 
were used as curing mediums, the average crushing strength of 
the wet-earth-cured cylinder was 5060 Ibs. per sq. in., and the 
average crushing strength of the sodium-silicate-cured cylinder 
was 3570 lbs. per sq. in. No notes were found in the records 
indicating the type of curing of the pavement from which cores 
were taken. 

On job two, part of the cylinders were cured with the Hunt 
Process and the remainder were cured in wet earth. During the 


*Prof. of Highway Engineering, Univ. of Texas. Austin. 
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first month on this job, April 1928, the Hunt Process was used 
entirely for curing, and then for several days in May, cylinders 
cured with the Hunt Process and companion cylinders cured with 
wet earth were sent to the Laboratory. After the first week in 
May all cylinders were cured in wet earth before being sent to 
the laboratory. The average compressive strength of the Hunt 
Process cured cylinder is 5300 lbs. per sq. in., and the average 
crushing strength of the wet earth cured cylinder is 6010 lbs. 
per sq. in. During the time when both methods of curing were 
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used there was not a day when the highest Hunt Process-cured- 
cylinder was as strong as the lowest wet-earth-cured cylinder. 
The pavement was cured with the Hunt Process from the 
beginning of the job in March until about May 10, according to 
notes accompanying the cores. From May 10 until the comple- 
tion of the job the first of September, the notes indicate the pave- 
ment was cured with wet earth. The Hunt Process cured cores 
have an average crushing strength of 6680 Ibs. per sq. in. at ages 
varying from 240 to 283 days. The wet earth cured cores have 
an average crushing strength of 6510 lbs. per sq. in. and the ages 
vary from 124 to 200 days. These cores were 6 in. in diameter, 
and about 6 in. high, as they were taken from a 6-in. pavement. 
In 1928 the treatment of the core was as follows: The core was 
measured for depth and diameter, and the area calculated upon 
its arrival at the laboratory. The end next to the subgrade was 
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smoothed by means of the hammer and chisel, the rough end 
capped with neat cement mortar, after which the core was 
placed in the moist air closet for one week to allow the cement cap 
to harden. At the end of this time the core was removed from 
the moist air closet, and a plaster of Paris cap put on both ends. 
The core was then stored in air in the laboratory for several 
days, usually from three to eight, and then crushed. The present 
practice in the laboratory is to cap both ends of the core with 
neat cement and as soon as the eaps are sufficiently hard, it is 
stored in water for one week, and tested while wet. The crushing 
strengths of the cores given above have been corrected for the 
relation of h/d according to U.S. D. A. Bulletin 1216 page 35. 

The accompanying curve has the crushing strengths of the 
cores as ordinates, and the date the pavement was laid as ab- 
scissas—the date affords an indication of the age, the oldest 
core is on the left and the youngest is on the right of the curve. 
All cores were tested on Jan. 5, 1929. Due to the variables in 
the field, weather conditions, temperature, ete., no conclusions 
were drawn from this curve other than the cores cured by both 
the wet-earth and Hunt Process show the tendency of an increase 
in strength with increase in age. 


BY HERBERT J. GILKEY* 


In the midst of a concrete-minded age the confusion that has 
surrounded the curing and drying of concrete has been little 
short of amazing. While the efficacy of water as a curing agent 
has been recognized for many years, the importance of different 
moisture states at the time of test has been recognized but 
rarely and has theretofore been the source of much misleading 
inference from test results purporting to show the effects of 
different curing methods upon strength or other properties. The 
recent advent of a horde of patented curing agents that rival in 
number and claims the genus “‘admixture”’ has placed the whole 
subject of curing in the spot-light during the past few years. 

Countless and costly curing investigations have been con- 
ducted. These have netted some information and a great deal of 
misinformation. Even among the better of these there have 


*Professor of civil engineering, University of Colorado. 
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usually been present one or both of the following disturbing 
factors to mask the true results of the tests. 


(a) The moisture condition at test was not kept uniform ae 
this supplied an extra and unevaluated variable. 


(b) The tests were at such an early age that, drying and curing 
effects were intermingled and inseparable. 


It was only in the best of the investigations that there was not 
present an added lack of control of such factors as accidental 
moisture changes via sub-grade, rain or fog and also uncontrolled 
temperature effects. The author has mentioned some of these 
items, ‘ 

In the light of all these ill-conceived attempts to catalogue 
curing phenomena it is gratifying to have available at last the 
results from a real curing investigation planned and executed 
by one thoroughly familiar with the factors that heretofore have 
been so disturbing. 


The evidence from these tests will be invaluable to highway 
departments and other concrete users in providing unbiased 
evidence for comparing and evaluating curing methods and 
agencies. 


In the writer’s work on curing* he has never investigated any 
of the patented curing compounds and the results of these 
tests are, to him, new and illuminating. His tests have over- 
lapped those of Mr. Gonnerman in most other respects and have 
even gone beyond them in some regards. On all except one major 
point nothing but essential agreement is found. 


On page 361 Mr. Gonnerman states: “In contrast to the cylin- 
ders, beams tested wet were generally stronger at all ages than 
beams tested ‘as cured.’ A few exceptions occurred in the 1-yr. 
tests.” 


In the writer’s comparisons of beams, and compressive tensile 
and torsional cylinders, the saturated condition at test has con- 
sistently produced lower strengths than the dry or “‘as cured” 
condition. In other words the actions in compression, flexure, 
ie ie aS BE as Me Ya ee 


Se 
1927, pp. 79-93. Proc. A, C. I., Vol. 24 (1928), 238- 239; 152- 153; 758. Proc. A. C. hs 
the 25 (1929), pp. 559; 546-549; 442-443. Proc. ! Fs. TOM.; Vol. 29 (1929), Part II, ae 705- 
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tension and torsion are all exactly similar. The writer can see no 
reason why all should not be affected the same way by moisture 
or by drying although it is test results and not opinions that must 
settle the question. At present the test results are not in agree- 
ment on this one point. Typical cases are shown in the table. 


Not only do the writer’s results fail to support Mr. Gonner- 
man’s statement regarding beams but tests of Professor Hatt! 
indicate that saturated concrete is weaker than dry concrete in 
flexure as well as in compression. 


The fact that the writer’s results are from specimens of mortar 
(0-3 grading) might conceivably account for his difference in the 
findings as regards flexure. To the writer this appears improb- 
able. In many other comparisons concretes and mortars have 
exhibited similar characteristics and have been influenced alike 
by similar variables. Moreover the ‘‘Hatt Tests’ were on 
concrete. 


The number of individual specimens tested is relatively small 
but in the case of the torsional tests two breaks were obtained 
from each specimen and two or more breaks were obtained from 
each of the tensile specimens. The work was all very carefully 
executed and controlled and the individual results were in 
perfect accord with the group showing in practically every case. 
The findings from the 2 by 4 in., 3 by 6 in. and 6 by 12 in. com- 
pressive specimens were in very close agreement with one 
another. 


The condition at test has a very pronounced effect upon the 
modulus of elasticity and upon ultimate deformation as well as 
upon strength. Accurate strain measurements were obtained for 
all the tests listed and it was found that specimens tested wet 
(of whatever previous curing) have a higher modulus of elasticity 
but a much lower ultimate deformation than the corresponding 
specimens if dry at test.2 Professors Davis and Troxell? have 
observed the decrease in the modulus of elasticity with air- 
drying for compressive specimens. The curing and condition at 
test appear to have little effect upon Poissons ratio. 


1Trans. Am. Soc. C. E., Vol. 89 (1926), p. 271. 
2Proc. A. 8S T. M., Vol. 29 (1929), p. 705. 
3Same, p. 700. 
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BY H. F. GONNERMAN (AUTHOR’S CLOSURE) 


PROFESSOR GILKEY has pointed out the difficulties which have 
been encountered in interpreting the results of many previous 
curing investigations due to failure to test the specimens under 
uniform moisture conditions. This point cannot be too strongly 
emphasized as the necessity for having the specimens at the same 
moisture content when tested, particularly in curing studies, has 
not generally been appreciated by investigators. 


From his own investigations Professor Gilkey has found that 
beams, compressive and torsional cylinders consistently produce 
lower strengths when tested in a saturated condition than in a 
dry or ‘‘as cured” condition. This is, no doubt, the case when 
specimens are wet throughout their entire cross section when 
tested. In the l-year tests reported in the writer’s paper the 
strengths of the soaked specimens were always lower than those 
tested ‘‘as cured” or dry, when the length of soaking was sufficient 
to thoroughly saturate the beams. 


The beams tested by Professor Gilkey were much smaller in 
cross section than the writer’s and therefore were more readily 
saturated in the 24- to 48-hr. soaking period. The mixtures and 
methods of curing used also tended to shorten the necessary 
soaking period. Our laboratory is making further studies of 
methods of soaking beam specimens in order to insure complete 
saturation at time of test. 


Mr. Remler in his discussion of the paper states that: 


A laboratory test of this nature, regardless of how-comprehensive, is only a 
poor criterion by which to judge the practicability of a curing method for 
concrete roads. The writer knows of no extensive laboratory test on curing 
which has taken into account the drying effect of the wind and the radiated 
heat of the sun. 


One should be able to evaluate with considerable precision the 
relative merits of different methods of curing concrete by means of 
laboratory tests. Results of field and laboratory tests may differ 
in degree, but the order of merit, at least so far as strength, ab- 
sorption and resistance to wear are concerned, may be expected to 
remain the same if the tests are conducted on a comparable basis. 
The writer has used silicate of soda in four different investigations 
some of which were carried out in the field where exposure to sun 
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and wind were involved* and where there was every opportunity 
for the action described by Mr. Remler to take place. In all of 
these investigations the results obtained in the field confirm those 
obtained in the laboratory in showing that this method of curing 
was little, if any, better than no curing. 

Mr. Remler makes the statement that the average laboratory 
tests have given results with silicate of soda far below actual field 
tests and refers to the report of the Special Committee on Curing. 
The writer has studied the data upon which the report referred to 
was based and found it extremely difficult, as Professor Gilkey 
pointed out, to evaluate the results in many cases, due to the lack 
of control of factors other than methods of curing and to the fact 
that the test programs did not include specimens which were given 
no curing at all. 

Mr. Remler mentions the beneficial effect of curing in the molds 
but evidently failed to note that the tests in which the specimens 
were left in the molds were incidental to the main series upon 
which the conclusions were based. 

The fact that the results of wear tests reported with silicate 
curing do not confirm those obtained in field tests carried out by 
the U. S. Bureau of Public Roads or in Mr. Remler’s laboratory 
does not necessarily invalidate them. It is significant that the 
data in Table 4 of the report in the February, 1930 issue of 
Public Roads referred to by Mr. Remler show less wear for con- 
crete given no curing than for that cured with sodium silicate. 

In commenting on the absorption tests, Mr. Remler apparently 
overlooked the significant fact that kerosene was not used to 
remove the coating from the specimens treated with sodium 
silicate which showed as high an absorption as uncoated air- 
cured specimens. 


*“Studies of Curing Concrete in a Semi-Arid Climate,” by H. F. Gonnerman and C. L. 
McKesson; Bulletin 15 of the Structural Materials Research Laboratory, Lewis Institute, 
Chicago. 


Discussion of Report of Committee 604 


‘WINTER CONCRETING MetuHops’’* 


CONVENTION DISCUSSION 


R. B. Young (Toronto, Ont.)—I was hoping that I would get 
the same kind of surprise that Mr. Lindau got this afternoon, and 
have Mr. Johnson come up and take the burden of presenting 
this report. We had a very animated discussion of winter con- 
creting methods following Mr. Burks’ paper. Probably at this 
time and in this climate, it is not a matter of considerable interest, 
but there are temperatures of twenty, thirty, forty and fifty 
below zero in which you have to place concrete. Mr. Johnson 
has undertaken a preliminary report. It does not attempt to 
cover the entire field of winter concreting methods, but deals 
almost entirely with winter concreting methods as applied to 
building construction. (Following the presentation of the report 
contributed the following discussion. ) 

I often hear in our territory that frozen concrete thawed out 
promptly, not allowed to freeze again is all right. I do not be- 
lieve it, and I have a reason for not believing it. We have found 
in the accidental freezing of test specimens, that it is practically 
impossible to recover more than 80 per cent of the strength of 
specimens thawed immediately and cured carefully thereafter. 
In breaking such specimens we always find that moisture forming 
ice in the concrete leaves what we call turkey tracks; it leaves 
cavities which, when the concrete again thaws out, are never 
filled by any future consolidation of the concrete; such voids in 
the concrete affect the concrete not only as to strength, but what 
is more important, its resistance to weathering. I have been 
travelling up and down the country looking at concrete and seeing 
a lot that was frozen (some said to have been frozen that was not, 

*By Robert C. Johnson, author-chairman; Journat, A. C. I., Feb. 1930; Vol. 26, p. 397. 


Presented at the 26th Annual Convention in Mr. Johnson’s absence by R. B. Young, member 
committee 604. 
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but did not get proper curing) and I can say that any concrete I 
have seen that was frozen, was permanently damaged. Though 
it stood up for a few years, it showed the effects of it in the course 
of time. While you might recover a part of the strength, you 
cannot recover all of the properties of that concrete after it is 
frozen. 

Mr. Johnson brings out another point that had not occurred to 
me, because I have had nothing to do with the type of structure. 

One of the great dangers of winter concreting is in the erection of tall re- 
inforced concrete buildings designed for light live loads. In buildings of this 
class the live load for which the floors are designed are usually less than the 
construction loads in the erection of the building. 

That is an important point. I certainly have seen concrete 
abused at a time when it was not able to stand it. The concrete 
was not in position at the time to stand the rough usage it got, 
and one thing that results from winter concreting occasionally is 
lack of curing, which puts the concrete in such condition that, 
when it is first severely exposed to the weather, it is not able to 
resist that exposure. For example, consider a small mass of 
concrete—small piers or thin slabs, placed under good conditions. 
The material is heated and put in at a temperature of 75° to 80° 
but does not have any great amount of protection after that time. 
It may be cured for 24 hrs. and not protected from freezing; it 
hardens and looks like good concrete. That concrete would go 
through the winter at low temperatures or temperatures below 
freezing and get no further chance to cure. Spring comes and it is 
saturated with moisture during the thaws, gets frozen during the 
night or is acted upon by frost, and it is surprising the number of 
times that happens, and that concrete goes all to pieces the first 
spring. I think I examine three examples of that every year, 
sometimes more. Cold weather concrete has to be cured until it 
has acquired resistance to weather, as well as strength. I might 
cite an interesting example; we had a rather extensive slab that 
showed failure one spring. The engineer in charge of placing 
mass concrete got a little careless with these thin slabs and did 
not give them the amount of protection they should have; the 
result was that the steaming was discontinued in about 12 
hrs. In the spring the concrete became saturated, and in a few 
cold nights and warm days, it made a mess of things. To de- 
monstrate the danger of insufficient curing, we took concrete 
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blocks, made them up to identical proportions, cured one group 
for sixteen hours by steam, the same as we had done, cured the 
others for seventy-two hours as the specifications require and 
sent them out to a cold storage place and had them frozen and 
thawed, and after fifteen alternations, those that were cured 
seventy-two hours showed no effect; those cured sixteen hours by 
the steam were going to pieces. Mr. Johnson outlines the 
methods for frost protection for buildings, and in general they 
are applicable to other types of winter concrete. 


I think Mr. Johnson is willing to go a little higher than the 
standard specifications call for; the temperature limits, I believe, 
are 50° to 120°. There are difficulties in very cold weather, in 
handling concrete at 140°; you cannot see because of the fog. 

Mr. Johnson has prepared an admirable preliminary report. 
I know he intends to amplify this or supplement it in a later 
report. 

Louis J. Street (Winnipeg, Man.)—Mr. Johnson would permit 
a temperature of 120°. My experience has been that it is not safe 
to go 100°; that some cements, normal at 70° make bad concrete 
at 110° and above. We were running at about 110° and all of a 
sudden we noticed one of the loads of concrete had hardened. 
We shut down the work and began to test the cement by in- 
dividual bags—30 to 40 of them with some of the cement we could 
use mixing water at 150° to 160° without flash setting; others 
would flash set at 100° to 105°. We decided to hold the tem- 
perature of the concrete down below one hundred and we had no 
more trouble. I think it important in winter concreting to find 
the permissible high temperature at which concrete can be placed. 
Another point is with the test cylinders. We have had architects 
and engineers specify that test cylinders be left exposed under 
job conditions. Invariably those cylinders will test 900 lbs. per 
sq. in. in seven days. Yet from such cylinders allowed to stand 
by a radiator and thaw out, we get 50 to 60 Ibs. with the same 
concrete. Winter concrete to be tested, should not be cured under 
job conditions. 

Raymond E, Davis (Berkeley, Cal.)—I have been considerably 
interested in the remarks of the last speaker with regard to the 
flash setting of portland cement at such low temperatures. I judge 
this was a portland cement? 
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Mr. Street—Yes, portland cement. 


Mr. Davis—In testing a very considerable number of cements 
from various parts of the country, I have never seen cement be- 
have in this manner until well above 150° and then the effect on 
the strength was only slight until above 180°. I think we. must 
recognize that there is a critical temperature for portland cement, 
just as there is for high alumina cement, and let us say when we 
go above that temperature, we will get retrogression in strength, 
but if in any of our portland cements that critical temperature is 
in the vicinity of 100° we would certainly have a great deal of 
trouble in any concrete, particularly in mass work, in dams and 
structures of that kind, because our temperatures go considerably 
above 100°. In steam curing we would run into the same condi- 
tions. That is a thing of considerable importance and I wanted 
to bring it out in connection with the curves shown in this report 
indicating the strength we might expect at different temperatures. 
I happen to know the conditions under which these tests were 
made, and I think the results shown ought not to be regarded too 
seriously, because at the time they were made, several years ago, 
two things were not appreciated; one was the moisture content 
of the specimen at the time of the test, and the other, the effect of 
temperature on the specimen at the time of the test. In a con- 
siderable number of tests at the University of California, of con- 
crete in cubic yard masses, we have had temperatures as high as 
150° due simply to the heat of the chemical reaction and the 
early ages have shown no retrogression in strength. We have, for 
example, with rich cubic yard batches and with insulation on all 
sides, seen the temperature go 150° from a normal temperature of 
70°, giving a differential of approximately 80°. That concrete, 
instead of being thousand pound concrete in 24 hrs., as it would 
be had it been hardened in the open air was 3000 lb. concrete in 
24 hrs. That was with one particular cement, and our observa- 
tions in that particular indicate a considerable difference in 
cements. It might not happen for another cement. Tests were 
made on two of our California cements; one is very fine-ground— 
what we nominally call one of our early strength portlands; 
another is coarse-ground portland cement. With a rich mix in 
a small mass which went to 150°, the strength of the concrete 
with one cement was increased in 24 hrs. by reason of this ad- 
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ditional heat, about 400 lbs. greater than under normal curing 
conditions, while the other cement gave an increase of 800 lbs. 
I could cite other examples indicating that there is a considerable 
difference in this respect between different cements. Before we 
make definite prophecies as to what might be expected, we 
ought to make a considerable study of this whole question as to 
what happens in concrete when it goes to these high temperatures. 
That introduces the question of steam curing and what happens 
in concrete in masses when the temperature goes rather high. I 
have some observations in connection with the construction of a 
tunnel for the Hetch-Hetchy Water supply in San Francisco, 
where the temperatures have gone to 180° with portland cement 
concrete, and we want to know what happens to our concrete 
under those conditions. 


D. D. McGwire (Nashville, Tenn.)—I submit that in Tennessee 
in an ordinary construction season, the temperature is often well 
above 125°F. and we do not get flash sets. In 1929 we thought 
we were running into trouble with a temperature of 120°F. We 
investigated by making briquettes and cylinders with cement 
taken directly from the mill at each fifty degrees, descending, and 
we found but two stages at which we had a set in less than 45 min. 


R. 8S. Hale (Montgomery, Ala.)—Mr. Johnson advocates 
keeping concrete damp seven days. That sounds fine. In 
Alabama if we have any contractor who will keep our concrete 
damp seven days, we don’t need any more cure. We have trouble 
in keeping it damp 24 hrs., and I hope that Mr. Johnson comes to 
our state and bids on some of our work. 


Mr. Young—I think it is not so important what the upper tem- 
perature is; I think there are other reasons why we should not go 
to 120°. There is no particular advantage in putting in concrete 
at 120° or higher in a big mass, because if you get it in at a 
moderate temperature it heats itself up and gets too hot anyway. 
Your temperatures should be fairly moderate, but if you go to 
thin sections, you do not get that same heating effect; neither do 
you get any particular benefit from putting it in at 120°: All the 
expense of raising the temperature from 90° to 120° is money sunk 
in a hole; better spend it for protection, so I think the dead line 
might easily be made a hundred. 
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BY N..L. DOE* (BY LETTER) 


UNDER ordinary winter weather conditions it is quite possible 
to protect concrete walls from freezing by using cork insulation 
on the outside of the wallforms. On reinforced concrete buildings: 
this shows a considerable advantage if the cork is permanently 
attached to the wall form as illustrated in the sketch. This 
method does not require any further expenditure or labor, re- 
garding winter weather until all of the walls are completed. 


Exverror Face 
ECork. U Fm Fortin Standard. 


When cork insulation is applied to the exterior wall forms, in 
this way, it is assumed that the usual application of heat will be 
made on the interior of the wall either with salamanders or steam. 
In the New York territory it was found that with 114-in. cork, 
applied to the forms as shown, a difference in temperature of 
from 25° to 40° would be experienced between the outside at- 
mosphere and the concrete itself. The cost of using cork in this 
way as an insulating material, assuming that one form was used 
about eight times, was about two cents per sq. ft. of wall area. 


Readers are referred to the JouRNAL for November 1930 for dis- 
cussion which may develop. Such discussion should reach the 
Secretary by September 1, to be considered by Committee in a further 
report. 


*Member Committee 604. 


Discussion of Report of Committee 503 


“PROPOSED SPECIFICATIONS FOR SUPPLYING, FABRICAT- 
ING AND SETTING REINFORCING STEEL AND A 
‘STEEL SETTERS’ PRIMER’’’* 


CONVENTION D1IscuUSssION 


R. W. Johnson} (Chicago)—In the absence of Mr. Zabriskie, 
author-chairman of the committee, I have been asked to present 
in outline the report of Committee 503, which is a companion 
committee to 502, just reported by Mr. Lord. For 25 years this 
Institute has been very active in collecting and disseminating 
information on all phases of concrete, including construction. 
The Institute has been particularly active in the design of con- 
crete mixtures and in developing standards for structural designs 
of reinforced concrete. However, as Mr. Lord so forcefully 
brought out, this activity has been mostly in the laboratory and 
in the meetings. We have paid less attention to the construction 
features than to any other portion of the work. Mr. Lord’s 
specification covers construction details for concrete placing. 
It was the work of Mr. Zabriskie in preparing his report to cover 
the construction details in placing reinforcing steel. A consider- 
able portion of concrete placed is reinforced. JI am sure the 
placing of reinforcing steel, its quality, its fabrication, the setting, 
protection and other incidentals, have been less attended to than 
any other parts of the work of this society. When we realize 
there is probably a greater chance for error in placing reinforcing 
steel than in any other part of construction work, we can be sure 
we have been neglecting a very important subject. The utmost 
care is observed in design. The American Concrete Institute has 
Committee 501 preparing a building code, in minute detail as to 
the standards for designs, and then when the concrete is actually 


*JOURNAL, A. C. J Res 1930; Proceedings, Vol. 26, p. 444; formally presented 26th Annual 
Convention, Feb. 19 
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placed in the structure, it becomes a matter of guesswork for the 
steel setter to see that the steel is where it was actually figured in 
the design. We recall Mr. Lord’s paper that accompanied the 
1928 report of Committee 501, in which examples were worked 
out to decimals of inches. Unfortunately in placing reinforcing 
steel, getting it in, correct to inches, much less than decimals of 
inches, is very fortunate. This same thought has been brought 
to my attention by a paper in the January JouRNAL of the 
AMERICAN ConcrETE InstiTuTE, by Professor Slater, in which he 
cites tests of four and a half inch slabs. He made measurements 
as to the placing of the reinforcing steel in those slabs, and found 
its effect depth varied as much as one hundred per cent. So, 
Committee 503 attempts to prepare a specification for fabricating 
and setting reinforcing steel. The proposed specification appears 
in the February JourNnAt. The rules of the Institute require that 
to be proposed as a tentative standard, Committee reports must 
be in print at least 30 days before the annual meeting. Since 
this was not complied with in the report of Committee 503, it is 
presented to you at this time for discussion only. Subsequently 
the Committee will present the report, amended or as first offered, 
for adoption as a tentative standard. Critic members of the 
committee are Messrs. Bertin, Johnson, Lord, McKenzie and 
Thomson. Mr. Zabriskie prepared the original report, which is 
concurred in, with but a few exceptions noted in the February 
JOURNAL or in the discussion from Mr. Bertin which I shall 
present. 

R. L. Bertin* (New York City)—Primarily this specification 
has to do with the fabricating and setting of reinforcing steel, and 
for that reason it is my belief that any reference regarding points 
of design has no place therein. 

I am of the opinion that in writing specifications for reinforced 
concrete too much effort is devoted to standardizing that which 
cannot and ought not to be standardized. The points I have in 
mind are the references made to imbedment of straight bars into 
the supports, lengths of truss bars beyond the supports, location 
of bends of truss bars, concrete covering of reinforcement, in 
fact any rule which in any way has to do with the design of the 
structure. 


*Member Committee 503. 
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If this specification is to apply to design as well, it should be 
so stated in the title, and special rules written to cover that 
subject fully, and not for a few isolated cases. 


The design of reinforced concrete structures is undergoing a 
radical change. New methods are appearing in the current 
literature almost daily for the design of reinforced concrete 
construction, taking full account of the fact that this type of 
construction is essentially of a continuous nature. The use of 
empirical moment coefficients, points of inflections, and what not 
for beams of approximately equal spans, and carrying a uniform 
load, are giving way to more consistent methods of design in 
conformity with Section 710 of the A. C. I. Code. 


In general, I feel that any new specification promulgated by 
the American Concrete Institute should not be at variance with 
the rules already published in its records. 


In connection with the reference contained in the new specifica- 
tion to the effeet that certain empirical rules only apply in the 
absence of definite information from the architect or engineer, 
this reference impresses me as a compromise between the right 
and wrong way of detailing. There is no doubt that if these 
simple rules are contained in these specifications, they will be 
adopted by many designers to the detriment of the structure, and 
may eventually reflect adversely and unjustly on the merits of 
reinforced concrete as a structural material. 


Mr. Johnson—Mr. Zabriskie, the author-chairman, has 
answered this criticism in this way: ‘Since the detailing of re- 
inforcing bars is a function which must be performed somewhere 
between the preparation of the design and the actual fabrication 
of the bars and is related to both, I believe that it is a somewhat 
debatable point as to where these rules for detailing should be 
covered. However, inasmuch as the great majority of the de- 
tailing work is done by the steel fabricating companies, it ap- 
peared to the writer that it was perfectly reasonable to include 
such rules in this specification; and this view appears to be 
supported by the other critic members of the committee. I would 
also refer to the specific assignment of the committee, describing 
the scope of the proposed specification in which the first item 
included is recommended practice for bar details. I am therefore 
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assuming that in creating this committee, it was the wish of the 
Board of Direction of the Institute to have this subject included. 
This is the answer to the comments, and while it does not close 
the subject for consideration, I believe it expresses the view- 
point of the committee and the fact that certain points of design 
were touched on slightly in the committee report.”’ 

In addition to writing the original report for the committee, 
Mr. Zabriskie prepared a “Steel Setters’ Primer,’”’ which appears 
on page 455 of the February Journau. This is written to explain 
in simple terms the places where reinforcing steel should be used 
and how it should be placed on the construction project; how the 
steel should be placed in terms of the structures and in terms of 
wooden beams, ete., which are readily understood by the ordinary 
steel setter. It is the thought of the committee that in preparing 
this concrete steel setters’ primer, Mr. Zabriskie has added a 
document of importance in the records of the American Concrete 
Institute. It may be used on the construction projects, and it is 
our hope that contractors, field engineers and inspectors, will find 
a use for this primer in preparing the way for the better placing 
of reinforcing steel. Since this is the first time this subject has 
been before the American Concrete Institute in such detail, we 
request that we receive any suggestions and comments for altering 
the specification before it is proposed for adoption next year as a 
tentative standard. The committee, as a whole, feels deeply 
indebted to Mr. Zabriskie for a considerable amount of time and 
effort that he has spent in developing the original specification. 
I personally want. to express my appreciation for the help Mr. 
Lord and Mr. Thomson gave in the preparation of the report. 

W. A. Slater (Bethlehem, Pa.)—Mr. Johnson mentioned the 
report of the tests in which the steel in the slab was found to be 
one hundred per cent out of position. The slab was only fifty 
per cent as thick as it ought to be from the compression surface 
to the tension reinforcement. I think if a good many slabs were 
tested-and the position of the reinforcing was noted, the designers 
and constructors would be considerably surprised to find out 
where the steel really is. My evidence of that in this case is that 
recently, in talking over this particular test with one of the de- 
signers and constructors of the floor, he said that one of the 
principal modifications in their practice since then had been to 
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use surer methods of determining the position of the reinforce- 
ment in the slab. There is another point that has been brought 
out in these specifications that I think cannot be emphasized too 
much, and that is the making of drawings so that they can be 
interpreted. That was brought forcefully to my attention in the 
case of the construction job in which, near completion, they 
found that they had a lot of bars left with no place for them. An 
investigation showed that the beams required three bars and the 
designation was such that the steel plates were put in with two; 
there were only two out of the three bars in the floors throughout 
the building. The floors showed up all right, but it was not be- 
cause the steel was there. 


A. E. Lindau (Chicago)—Since we are talking about horrible 
examples and one hundred per cent out of position, I should like 
to say something about a job I heard of a good many years ago 
in which in a flat slab construction of a reservoir roof, the bent 
bars were sent to the job intended as a tensile reinforcement, 
principally, in the dome where there was tension towards the top. 
They were put in the job in a reversed position. I do not know 
how many per cent out of line that would be, it must be over a 
hundred per cent, I should say, because it was in the wrong place 
entirely. 


Harvey Ace (Louisville, Ky.)—Experience as a designer and 
field inspector of various types of buildings, leads me to believe 
that a man is not a field inspector or a field engineer who has not 
been a designer. A man without designing experience always has 
bars that don’t fit on the job. I recommend that there be some 
consideration given to recommending that field engineers be 
required to have had three, four or five years’ experience as 
designers. 


Professor Slater—I think a specification for the disposal of left 
over bars would be a good thing. 

E. O. Sweetser (St. Louis, Mo.)—It seems to me that this re- 
mark about trained inspectors should be given attention. I 
understand that in certain countries of Europe, it.is customary to 
train inspectors for reinforced concrete work; that they go 
through a long period of intense training and careful study, and 
finally pass an examination. They are then certified inspectors 
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and salaries are paid which make it a desirable position to hold. 
This comment comes to me from an engineer and designer who 
was protesting very strenuously against the great amount of 
care given to specification writing and the great amount of care 
given to design, and all this thrown to the winds by inadequate 
inspection. 


F, R. McMillan (Chicago)—While we are speaking about the 
qualifications for field inspector, a gentleman who sits near me 
here has had about 30 years’ experience as a building inspector, 
and he says that he would suggest that designing engineers be 
given a little field training also. 


Louis Clousing (Minneapolis, Minn.)—TIn our city we find that 
where the engineer who designed the work gets on the job, it 
makes quite a difference in the job. I think an engineer ought to 
see his own job, and a good many times the work is done without 
the designing engineer ever getting near the job. 


Readers are referred to the JouRNAL for November 1930, for dis- 
cussion which may develop. Such discussion should reach the 
Secretary by Sept. 1, 1930 to be considered by the Committee in a 
further report. 


Discussion of Report of Committee 504 


“PROPOSED SPECIFICATIONS FOR READY-MIxED 
CoNCRETE’’* 


ConvVENTION DiIscussION 


Miles N. Clairt, (Boston)—I do not know whether the Pro- 
gram committee realized the connection that Mr. Burks’ papert 
has with what I have to say, but I was privileged to see his work 
at Chute a Caron, and I think that his operations up there have 
a good deal to do with the subject of the work of Committee 504. 
Mr. Burks has a wonderful central mixing plant and one of the 
men here brought out that fact by asking him something about 
the transportation of concrete. His plant puts out, I imagine, 
something over a thousand yards a day, delivering it to a point, 
as he stated, about four miles away, and his problems, in a way, 
are the problems of a central mixing plant. 

The report, not of Committee 504 but of the author-chairman, 
is published in the February issue of the Journal of the Institute. 

The committee has been in the process of organization since 
July 1929; at present is composed of 10 members about evenly 
divided between plant operators and practicing engineers. No 
meetings have been held and all the discussion has been by mail. 

It is believed that the original designation of the committee as 
having to do with centrally mixed concrete inadequately describes 
its activities and the title should be changed to “Specifications 
for Ready-Mixed Concrete.” I respectfully ask that proper 
action be taken to bring about this change of designation. The 
committee will endeavor to prepare a definition of ready-mixed 
concrete. 

The author-chairman was asked to consider the problem of 
centrally mixed concrete from the standpoint of the user and to 


*JourNAL A. C. I., February, 1930 (Proceedings, Vol. 26, p. 467). 
; {Chaiman Committee 504, in formal presentation of report to 26th Annual Convention, 
eb. 1930. 
tConcreting Methods at Chute a Caron Dam,’’ by I. E. Burks, Journat A. C. I., Feb. 1930 
presented earlier at same convention. 
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draw up either specifications for such concrete or fundamental 
considerations leading to specifications for such concrete. A 
little study made it apparent that for many cases the usual specifi- 
cation for concrete provided ample protection for the user. The 
usual specification for concrete however does not permit the 
utilization of all of the advantages of the ready-mixed concrete 
operation, particularly with regard to the time elapsing between 
mixing and placing and the control of the quality of the concrete. 


A specification outline was prepared and presented to the critic 
members of the committee and as a result of the constructive 
suggestions received a new outline was prepared which is pre- 
sented with this report. The reactions of the committee to this 
revised specification have not been obtained and it is presented 
to the society by the author-chairman at this time, so as to 
benefit by open discussion on the floor of the convention. It is 
particularly hoped that such members of the committee as are 
present will present their views. 


The specification outline covers under the term “ready-mixed 
concrete”’ both the central plant-mixed and truck-mixed systems. 
Materials are required to meet the usual specifications as to 
quality and changes are made subject to the approval of the 
architect and engineer and facilities are required at the plant for 
making tests of materials readily. 


Concrete quality is specified on the basis of compressive 
strength as determined by tests on the particular materials. The 
only limitations on the method of proportioning to obtain this 
strength are that it will give concrete uniformly of the quality 
desired and that adequate test data are available to enable the 
engineer to determine whether the quantities used are sufficient 
for the purpose. A check on the quality as made is obtained by 


- requiring compression tests of the concrete. This requirement 
_ may not be strictly necessary in all cases for concrete from a well 


established plant and with the usual classes of concrete. 

The central mixing system and the truck mixing system are 
considered separately in the section on mixing and transporting. 
Central plant-mixed concrete is required to be mixed properly 
before being: loaded into the transporting vehicle as the mixing 
action of the agitating apparatus is considered nil. Vehicles to 
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transport wet concrete are required to be tight so that water or 
other ingredients cannot be lost. Ordinary non-agitating trucks 
are permitted when the consistency is such that segregation will 
not occur. A consistency, indicated by a 214-in. maximum 
slump is suggested as proper. The time between the addition of 
the water to the cement and the placing of the concrete has been 
limited to one hour. This is suggested as a reasonable limit 
although specifications are in use which have limits from 30 
minutes to no limit except that the concrete shall be workable 
when placed. . 


Additional requirements are given for truck-mixed concrete 
so as to assure the engineer or architect of good concrete. Certain 
types of truck mixers have difficulty in mixing properly batches 
in which the materials are not uniformly admitted to the drum. 
Attention is drawn to the importance of this clause in the specifi- 
cation. The same limitation is set up as to time elapsing between 
admission of water to the cement and the time of placing as for 
plant-mixed concrete. Unless the aggregates are entirely dry 
this means the l-hr. period starts with the loading of the cement 
and aggregates into the truck drum. 


The problems of proper serving of the job and of placing have 
been given some consideration in the section headed “‘Delivery,”’ 
where limitations are placed on the plant capacity and the in+ 
terval between batches. 


The author-chairman intends to study the items concerning 
which there is at present much difference of opinion and to en- 
deavor with the assistance of the committee and others to obtain 


information which will permit placing proper limitations on those 
doubtful factors. 


I suggest that action on this proposed specification be delayed 
until the next annual meeting so that suggestions and criticisms 
of the other members of the committee and of the membership 
at large may be given proper weight in the preparation of the 
specification. We feel the subject needs a good deal of discussion 
before any action is taken towards its adoption. 

Chairman—The suggestion by Mr. Clair that the report be 


freely discussed and then passed on until next year for further 
consideration, seems to be a good one. 
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Russell S. Greenman* (Albany)—In the ‘Proposed Specifica- 
tions for Ready-Mixed Concrete’? an excellent base has been 
laid for consideration of essential requirements. Some points 
offer opportunity for discussion. 


This relatively new product, commercially prepared ready- 
mixed concrete, has been so built upon one quality alone— 
namely, the production of a concrete of merit—that in writing 
specifications for it, the thought must be kept in mind that these 
shall be very largely just formalities of expression. This thought 
appears in various forms in other discussions which have been 
presented for our consideration. 

If this is so, then such requirements as section 3-d (first 
sentence) and section 3-e of the proposed specifications are asking 
for too frequent, formal, certified statements. 

These proposed specifications further presuppose that no 
company enters the business of producing ready-mixed concrete 
without provision for a well-equipped plant, capable of producing 
uniform measurements of quantities of materials; also that it shall 
use all available means for proper design and control of the various 
mixes and types of concrete. 

Anything else but this would be business suicide. To suggest 
that there is need for a requirement that each load of ready-mixed 
concrete shall be accompanied by a éertified statement tends 
either to demand an unnecessary formality or to make such a 
statement become a farcical one. The suggestion that one sample 
be taken for each fifty cubic yards delivered becomes both 
burdensome and unnecessary. Do not misunderstand me and 
think that I do not believe that the architect or engineer should 
not be given the data which will show the quantities of materials 
used to produce certain qualities or that tests should not be made 
in order to check these factors. Some such data must be made 
available and should be given when desired. But the frequency 
and number of certifications and tests can hardly be as often and 
as large in numbers as suggested. 

For example—Besides other deliveries one company delivered 
to one contract 273 cu. yds. in one day and to another contract 
256 cu. yds. in another day. Now in either day, with trucks 


*Mr. Greenman’s discussion, as a member of the committee, was presented in the author’s 
absence, by Mr. Clair. 
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handling three yards each, the first job would have required 91 
certificates and six sets of samples; and the other would have 
required 85 certificates and five sets of samples. How could any 
responsible producing company expect to win the steady approval 
of users of their product if it did not agree—upon acceptance of 
an order and without repeated certificates, that such type of 
concrete as ordered would be furnished regularly and uniformly? 
By early tests of a type of mix, its quality can be determined and 
then occasional check tests can be made but to demand that 
these tests shall be on every 50 cu. yds. is accomplishing no real 
good results. , 

To eliminate or at least to modify the first sentence of section 
3-d, and to modify section 3-e so as to make the number of tests 
flexible, would seem to be advisable. 

This brief discussion can be summed up largely by stating the 
thought that no wise operators of a commercial ready-mixed 
concrete company can permit any operation or procedure which 
is not based on most conscientious and systematic attention to 
detail of quality and uniformity—and checked by tests; therefore 
acceptance of an order should be equivalent to furnishing a cer- 
tified statement for each truck load delivered. 

Mr. Clair—Possibly the word “certification” here is a poor 
one; what is meant is a ticket such as anyone would send along 
with a load of concrete, as a record of its receipt, and just what 
is in the load. The report does not imply a certificate before a 
notary public. Mr. Greenman has taken the requirements to 
mean a set of specimens on every fifty yards. The requirement 
is a specimen on fifty yards of concrete. 

H. F. Thomson* (St. Louis, Mo.)—My point of view is that of 
the operator with some engineering background. I would call 
attention to one particular feature that, it seems to me, the 
Institute should pay some attention to, not necessarily confined 
to the work of this committee. We all recognize that the in- 
troduction of ready-mixed concrete offers an improvement—an 
opportunity for a degree of control hard to obtain in ordinary 
job-mixing, through the accuracy of proportioning, the con- 
centration of purchasing, which means a certain influence in 
connection with the grading of the aggregate and the water 


*Member Committee 504. 
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control. Combined, those items all mean that the centrally 
mixed concrete (and by centrally mixed concrete I mean the 
truck-mixed as well) when it is under proper control, will give a 
much higher strength than is ordinarily anticipated in job 
mixing. If a structure is designed for 2000-lb. concrete and that 
concrete is ordered as, say, one-two-four concrete, the central 
plant if it delivers concrete with that proportion—with that 
cement content—will actually be furnishing very much higher 
strength, something approaching 3000 lbs., most frequently. 
We are approaching a point where the degree of control offered 
by the ready-mixed operation suggests a possible economy either 
in using less concrete or permitting the ready-mixed operator to 
furnish concrete of a given strength as actually contemplated in 
the design. I merely take occasion to call attention to the 
opportunity, some day, of setting up a specification, a so-called 
strength specification, which will be based on some measure of 
workability rather than on the water-cement ratio. Then the 
ready-mix operator will be able to utilize the efficiency of his 
plant and realize the economy of using merely the quantity of 
the cement which is necessary to furnish the strength at the 
workability specified. 

That is a little outside the scope of work of this committee, but 
it is a matter which should be kept in mind, as the increased 
strength for a given quantity of cement is being attained by the 
ready-mixed operator everywhere. If the operator is not to be 
handicapped in competition with the proportion mixes of one- 
two-four, etc., there should be some recognition of the possibility 
of operators furnishing the strength desired at a given work- 
ability. 

W. E. Hart* (Chicago)—The chairman of this committee has 
asked the further consideration of the specification by the 
Institute in the coming year. I think it is very important for a 
great many reasons. The Institute has set up definite standards 
for making concrete; the possibilities in centrally-mixed concrete 
are limited in two directions; you may either destroy the good 
that has been done in past years, or you may make a better con- 
crete than is being made at the present time. I think it is essential 
that we consider very carefully and watch in practice the specifi- 


*Member Committee 504. 
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cation suggested by Mr. Clair. There are certain changes that, 
of necessity, have to be made, as mentioned by Mr. Clair. I 
have a few that I wish to offer later, to supplement this discussion 
when published. 

It is essential that we safeguard this new industry; it is spring- 
ing up in every part of the country. Two years ago there were 
about ten or twelve central mixing plants; last year there were 
more than a hundred. I cannot say how many there are this 
year; there must be at least 150. (Mr. Hart later proposed the 
following changes.) 

It is suggested that paragraphs (page 469-70 of the February 
JOURNAL) be changed to read as follows: 


[3 (c)] The method of measurement of concrete materials, excepting 
cement, shall be by weight, so that the proportions can be adjusted readily to 
assure concrete of the quality specified. The operation of the piant, etc. 

[4 (a) 1] The concrete shall be properly mixed before being loaded into the 
transporting vehicle. A minimum mixing time of one minute shall be required 
when the concrete is transported in truck bodies in which provision is made 
for additional mixing or agitation. When other types of bodies are used, the 
minimum mixing time shall be increased at least 50 per cent. 

[4 (a) 3] Non-agitating trucks shall not be used to transport centrally 
mixed concrete when the consistency of the concrete is wetter than a 24-in. 
slump. 

[4 (a) 4] Centrally mixed concrete shall not be transported in any case for 
a period in excess of three hours. _ 

[4 (b) 1] Add the following note: 

“Note: It is suggested that the cement and aggregates be fed simultaneously 
into the end loading type of truck mixer. For the top loading type of mixer 
this method of charging is not so essential, but is preferred and recommended.” 

[4 (b) 2] Trucks used for transporting and mixing concrete shall be so 
powered as to insure proper mixing while in transit at the manufacturer’s 
recommended speed. 

[4 (b) 3] It is suggested that the time period be changed from one hour to 
three hours. Also add the following: ‘“‘In case of failure of mixer power, the 
batch shall be discharged from the truck within one hour.” 

’ [4 (b) 4] Means shall be provided so that the quantity of water added to 
the mix can be accurately measured and checked. 


Add the following paragraphs: 

[4 (b) 5—Mixing] It is recommended that truck mixers be so equipped that 
the concrete cannot be discharged until a given time has elapsed, or a certain 
number of revolutions of the drum have been made. Until further data are 
available, it is recommended that at least 4 minutes mixing time be required, 
or that the drum shall make at least 36 revolutions, prior to discharge of the 
batch. 
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[4 (b) 6—Rated Capacity] Note: With the present knowledge available, 
it is recommended that the working capacity of any mixer shall not exceed 
¥ of the total volume of the drum, including the cone, where used. 

[4 (b) 7] It is suggested that this paragraph be placed ahead of the present 
Paragraph 1. 

“All concrete mixed in transit shall be mixed in a revolving drum type of 
mixer.” 

[5 (b)] It is suggested that three words “for a pour” be eliminated. This 
paragraph would then read as follows: 

“(b) The interval between batches shall not exceed thirty minutes or in 
any case, etc.”’ 


Morris Brooks*—We have given pre-mixed concrete much 
serious thought, and after exhaustive tests have arrived at the 
conclusion that concrete scientifically mixed in a plant conducted 
by responsible owners, whose continuance in business is de- 
pendent on the production of uniformly first-class concrete, de- 
livered in agitating trucks, and placed in the forms within certain 
required time limits, and under proper temperatures, has the 
effect of eliminating much of the guess work in the use of concrete. 


I have prepared a set of regulations governing the use of pre- 
mixed concrete in Philadelphia, and would like to present these 
regulations for your consideration. 


REGULATIONS GOVERNING USE OF CONCRETE MADE AT CENTRAL MIXING PLANTS 


Definition: Concrete which is mixed at such distances from point of deposit- 
ing as to necessitate the use of approved vehicles other than buggies, chutes, 
or similar contrivances, is considered as central-plant- mixed concrete. 

As the result of field and laboratory tests, directed by and under the super- 
vision of the Bureau of Building Inspection, the use of concrete made at 
central mixing plants is approved for construction work in Philadelphia, sub- 
ject to the following conditions and requirements. 

1. Ready-mixed concrete shall be made in plants located within the City 
of Philadelphia. Representatives of the Bureaus of Building Inspection shall 
at all times have unrestricted access to the plants, materials, records and all 
other data pertaining to mixing, transferring, use and inspection of ready- 
mixed concrete. 

2. All materials entering into the mix and the concrete mixed at a central 
plant shall be certified by thorough and competent independent inspection 
approved by the Bureau of Building Inspection. 

3. The central plant shall be equipped to properly and accurately measure 
the materials entering into the concrete mix. Owners shall present to the 
Bureau of Building Inspection evidences of their competency to carry out in 


full the requirements of this approval. 


*Chief, Bureau of Building Inspection, Philadelphia. 
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4. The cement shall be measured by weight; and when purchased in sacks 
shall be taken from original 94-pound bags as supplied by the manufacturer. 
No bag of cement shall be divided for mixing. Aggregates shall be measured 
by weight. Ingredients shall be measured by weight when in the dry state, 
and by volume in calibrated containers when in the liquid state. Under no 
conditions shall materials be measured by “shovel count.’’ The plant shall 
be equipped with all necessary apparatus for verifying scales and measuring 
devices. Concrete shall be mixed in an approved rotary mixer equipped with 
a timing device which will automatically lock the discharge lever during the 
mixing period and release it at the end of the full time of mixing. 


5. The concrete shall be mixed one and one-half minutes as a minimum, 
with the drum rotating an approved number of revolutions. Larger batches 
of concrete may be required to have a longer time for mixing. 


6. Cement and aggregates shall meet the current A. S. T. M. specifications. 
Each shipment of cement shall be tested. Complete tests of the aggregates 
shall be made daily. The water shall be clean, free from oil, vegetable sub- 
stances, etc., and the tensile strength of 1:3 mortar gauged with this water 
shall be not less than that developed with distilled water when mixed in the 
seme proportion using Ottawa sand. Tests for moisture content, clay, silt, 
and organic matter and sieve analyses of the aggregates shall be made at 
intervals sufficient to control the quality of products and proportions and con- 
sistency. Aggregates must be tested for moisture content within three hours. 
Tests of aggregates for organic matter shall be made from deliveries before they 
are unloaded in the plant. 


7. Every truck load of aggregate or concrete mixed in a central mixing plant 
to be used in a structure erected under the jurisdiction of the Bureau of Build- 
ing Inspection shall be certified as having the required and approved propor- 
tions, and that it is thoroughly mixed. This certification shall be made on a 
written report made by an independent inspector engineer stationed at the 
plant, who has given to the Bureau of Building Inspection satisfactory evidence 
of his experience and qualifications to make such certification over the indi- 
vidual signature of the inspector certifying. The responsibility for the filing 
of this information each day central mixed concrete is mixed and transferred, 
rests with the plant, and failure to so certify it automatically rejects the 
product as acceptable for use in structures. 


8. The central mixed concrete shall be discharged into clean, water-tight 


bodies, and shall be hauled in rotary or agitator trucks approved by this 
Bureau. 


9. Concrete from central mixed plants shall be deposited at the site where 
it is intended for use at a period not to exceed 60 minutes from the time it 
leaves the central plant mixer and deposited in forms within 30 minutes. The 
time of initial set of the cement used in the mix shall always be greater by 
certified test than the elapsed time between mixing of the concrete and the 
depositing in the forms. 


10. A delivery ticket shall accompany each load of ready-mixed concrete, 
setting forth the class or type of concrete being delivered, and the exact time 
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the concrete was discharged from the central plant mixer into the delivery 
truck. This ticket shall be signed by the inspector at the plant. Upon reach- 
ing the job each certified load of concrete shall have the exact time of dumping 
noted on the ticket and a check mark placed opposite the class of concrete 
delivered. The resident inspector on the job shall certify that the class and 
quality of concrete delivered conform to the Laws and Regulations of the 
Bureau of Building Inspection. These tickets shall be filed with the plant, 
and at all times be accessible for examination by the Bureau of Building 
Inspection. 

11. In freezing weather, or when temperatures below 40° F. prevail, con- 
crete shall be delivered and deposited in the forms at temperatures not less 
than 50° F., nor more than 100° F. 


12. When in the judgment of the Bureau of Building Inspection load tests 
are required they shall be of such number as is adjudged necessary. They 
shall be made in accordance with the laws and regulations governing such 
tests and test procedure in the City of Philadelphia. 


13. Wherever in the judgment of the Bureau of Building Inspection it is 
for the best interests of construction not to use plant-mixed concrete, this 
approval does not apply. 

14. All laboratory tests shall be made by laboratories of recognized stand- 
ing, and acceptable to the Bureau of Building Inspection. 


15. Failure to comply with the provisions of the terms of this approval 
will be considered as withdrawal of approval without further notice. 

V. E. Schevenell (Memphis, Tenn.)—I am also an operator of a 
ready mixed concrete plant, and my reaction to the proposed 
specification is this: in making specifications for ready-mixed 
concrete, I think we should separate the centrally-mixed con- 
crete and the truck-mixed concrete. My observation is that 
about ten different types of trucks now attempt to mix concrete. 
Some of them mix it very well, and some of them not so good. 
For that reason, two specifications should be considered by the 
Institute. The batch mixer is of course used by all the central 
mixing plants. If you remember, I think it was in 1850 that the 
first concrete mixer was made, and in 1875 the continuous mixer 
was made, and that mixer has now been discarded by all engineers, 
and in 1900 or a little earlier, the batch mixer appeared. If we 
permit any and every type of truck mixer to come into the 
picture, without a specification, the Institute will be making a 
serious mistake. To make two specifications this committee will 
require more time, but I think time will be well spent in investi- 
gating the different types of mixing trucks. That does not mean 
the agitating truck. The agitating truck of course receives batch 
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mixed concrete and simply agitates it, but the so-called mixing 
trucks do not. 


Mr. Brooks—In Philadelphia we have approved ready mixed - 
concrete, but it must be delivered in an agitating truck; that is 
the only truck we approve there; the concrete must be con- 
tinually agitated until it goes into the hopper; it must be mixed 
at a central mixing plant and agitated until it arrives at the job. 


R. F. Leftwich (New York City)—Mr. Thomson spoke as a 
producer of ready mixed concrete, and as a user of ready-mixed 
concrete in quite a large portion of the United States, we have 
come in contact with most of the ready-mix plants in the west, 
and it has been my privilege to go to most of those plants, and at 
those not prepared to deliver what we wanted, to get them to 
deliver what we wanted. Mr. Clair certainly has a model system 
of ready-mixed concrete in Boston, which I have had the privilege 
of investigating recently, and if we could get the othér mixers to 
follow their example, the contractors would not have much 
trouble. Our experience is that the average ready-mix plant 
(which does not apply to members of the Institute) does not know 
what proportion to put in a mixer to turn out a yard of concrete. 
In one instance we ordered 10 yards of ready-mixed concrete, and 
they sent ten truckloads, which turned out to be eight yards. 
We found that the plant was trying to turn out a yard of concrete 
with a three-quarter yard mixer. The operator put in the central 
mixing plant for the people who live in that vicinity because they 
did not want to set up a mixer every time they needed some 
concrete for a sidewalk, and he turned out a batch of concrete and 
called it a yard. That is an extreme case. Another experience 
was with one of the best central mixing plants I have seen. We 
had four jobs in a city where we used between two and three 
thousand cubic yards on each. We used a central mixing plant, 
for the simple reason that when we wanted yardage, we wanted a 
very large yardage at widely separated jobs on the same day and 
we could not afford to put up a plant to turn out this yardage on 
each of these jobs. Our average loss was twelve and a half per- 
cent shrinkage. That is, the yardage delivered to us exceeded 
the yardage measured in steel caissons by 12 percent. At one 
job the shrinkage went as high as 17 percent. We went to the 
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plant operator and discussed it with him, and found out why we 
were not getting the yardage. He did not agree with certain 
people in town as to the weight of his gravel and sand. They got 
together and said that the sand and gravel should weigh 100 lbs., 
but the sand actually weighed 82 lbs. and the gravel 95 Ibs. We 
took it up with this organization, but they will not guarantee to 
give us a guaranteed yardage. It happens to be a 1:1:2 mix and 
the variations did not amount to much, but it did amount to a 
great deal in dollars and cents when the finished yardage was 
checked up. 

I think one of the greatest services that the committee on this 
particular specification can render the consumer of concrete, who 
is as vitally interested as anyone else, is to see that these plants 
learn how to make a yard of concrete—what proportion of the 
different materials to put in. We have paid for it, paid dearly, 
and in Boston they can give you a 1:1:2, 1:1:3, 1:114:3 or a 1:2:4, 
or a strength concrete inspected by laboratories. The city checks 
it and you get your yardage, and if these other plants would do 
the same way, it would not cost them any more money and they 
would get more business. Another point Mr. Thomson brought 
out that amused me was the statement about the ready-mixed 
concrete giving more strength than the average job plant. I 
agree with him thoroughly that in a plant mixing two or three 
yards of concrete at a time, you can get better concrete than in a 
4-yd. mixer out on the job operated by less skilled help. The 
reason we get a stronger concrete is that we get a richer mix by 
reason of failure to figure shrinkage of materials. I am pretty 
sure that is not the case with Mr. Thomson’s plant, because he 
has a very good reputation among us. The work that can be done 
in educating concrete mixing plants to give guaranteed yardage 
in place is very important., 

J. C. Pearson (Allentown, Pa.)—It is my impression that this 
very excellent concrete that is made in Boston—I would like to 
ask Mr. Clair whether I am correct—would be acceptable in 
Philadelphia? 

Mr. Clair—Concrete made in Boston would, I think, without 
question, be acceptable in Philadelphia. I think that it meets 
the requirements except for one thing, that is, Boston would not 
have any limitation at present upon the length of haul. 
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Mr. Pearson—I understand that a large part of the operations 
in Boston is not with centrally-mixed concrete. 


Mr. Clair—That is true. In Boston we have an unusual 
situation; there is a central mixing plant and a central batching 
plant or truck mixing system. The regulations made and used 
may appear lenient in some cases.and strict in others. In Boston 
you can make concrete to a strength specification if you have 
special permission. That is not yet true in most cities. The code 
itself says that you shall mix one to six parts, one part of cement 
to six parts of aggregate, and that shall give you twenty-two 
hundred pound concrete. However, if you are responsible, you 
can go to the commissioner and request permission on your 
particular job, to use a strength specification. 


Herbert Coffman (Philadelphia)—The speaker who told about 
the shortage of twelve or seventeen percent of his yield of de- 
livered concrete shows the importance of having scientific control 
in a central mixing plant, and what comes of the lack of it in a 
plant that puts out concrete like that. In the specification, the 
weight of sand and gravel (the A. 8. T. M. specification for the 
weight of aggregate for concrete) are determined on the dry 
rodded basis. You should have a permanent basis for your yard- 
age on the volume method and control of the water. There are 
two or three methods for determining very easily the volume of 
concrete. You can take the gross weight and net weight of the 
truck coming in and going out and check it by the number of 
cubic feet; there are many ways of checking the yardage of the 
concrete that is being furnished. The only way to do that is to 
have a scientific basis for the man going into the central mixing 
business and draw up certain specifications, and he can state 
whether or not he is operating under the tentative or approved 
specification of the American Concrete Institute. 


A. E. Lindau (Chicago, Il.) —In connection with the subject 
of the yield of centrally-mixed concrete, I would like to refer you 
to Mr. Burks’ paper, page 334 of the February JourNAL of the 
American Concrete Institute, in which he says: ‘On January 1, 
1930, the total concrete placed, according to batch-count, was 
286,625 cu. yds. The engineers’ figures at this time showed 
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286,658 cu. yds., or about seven-tenths of one percent more than 
the batch count.” Apparently Mr. Burks knows how to get the 
batch count in cubic yards of concrete. 


Ernest Ashton (Allentown, Pa.)—The advent of central mixing 
plants presents an interesting problem to the cement manu- 
facturer, which is somewhat foreign to investigations heretofore 
conducted. On several occasions we have been called into con- 
sultation on centrally-mixed concrete which upon being placed 
exhibited a phenomenon known in physical chemistry as syneresis 
which the average layman would call bleeding. Free clear water 
appears on the surface tending to form small rivulets on the slopes 
preventing or at least halting the operation of finishing. 


We have commenced a rather definite study of this question 
and hope both the central mixing plant operators and users will 
bear with us until a solution is arrived at. 


Mr. Clair—Since part of the discussion appears to be in regard 
to the quantities that are delivered, it may be of interest to know 
what our experience has been in Boston. We have taken the 
concrete from certain plants and not only computed what we 
should get out of the batch, but have measured what we got out 
of the batch. We have done that a number of times, and it is 
supposed to be done more often. If there is any question in 
anybody’s mind at the time the concrete is being delivered as to 
whether or not they are getting a yard or two or three yards, they 
load up a truck of one yard capacity and take it out there and 
measure the next truck that comes along and compare the two. 
That does not answer the question as far as the contractor is 
concerned. Naturally, when he was estimating the job, he com- 
puted the volume in those blocks of concrete and figured that he 
needed so much concrete and thought he would go out and buy 
it instead of making it himself, and he did buy it, and when he 
gets all through, he gets a bill for five or ten percent more than 
what he computed was in that block. Well, I consider in general 
that his surprise at that is rather vague, because he knows that 
some concrete is spilled, he knows that the forms give and he 
knows that the subgrade is not where it is shown on the plan. 
Our checkup has shown that these three items, plus shrinkage, 
almost invariably explain where the extra concrete has gone. 
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Mr. Thomson—There is one point in the specification as reported 
by Mr. Clair that, it occurs to me, has not been appreciated in its 
entire significance; that the centrally-mixed concrete hauled in 
the non-agitating truck is limited to concrete of two and a half 
inch slump or less. We happen to operate both types of service, 
that is, the centrally-mixed service without agitation and a truck~ 
mixing or agitator service, and we are frequently asked which 
we prefer. Actually we do not consider that the two types of 
operation are antagonistic or competitive. For stiff mixes, as 
contemplated in this specification, which says 2)4-in. slump, 
maximum, we prefer to use the central mixer without agitation, 
and we have served jobs at rather unusual distances with entire 
satisfaction under these conditions. . We served one of the 
largest railroads in the country, a job of about 2500 cu. yds., at a 
distance of about 14 miles from the plant, without any difficulty 
at all. But for the wetter mixes—and I assume that is where the 
Philadelphia specification comes in—the wetter mixes you need 
in building, of over 214-in. slump, then agitation or truck-mixing 
is to be desired, so that the two types of operation contemplated in 
this specification, do not necessarily present themselves as com- 
petitive, but supplementary, and by offering them both a com- 
pany is in position to cover the entire field. 


Readers are referred to the JouRNAL for November 1930 
(Proceedings Vol. 27) for further discussion which may develop. 
Such discussion should reach the Secretary by Sept. 1, 1930, if it 
is to be considered by the Committee in a further report. 


Teton 


Discussion of Report of Committee 707 


¢ 
DEsIGN oF CONCRETE PRopucts PLANTS FOR SINGLE 
OR MULTIPLE SHIFT OPERATION’’* 


CONVENTION Discussion 


D. R. Collins (Milwaukee)—Mr. Wilk’s conclusions agree to 
a great extent with observations in Milwaukee and vicinity in 
the last two years. Ever since the problem of multiple shift. 
operation was discussed on the floor of the Wisconsin Concrete 
Products Association convention two years ago, there has been 
much talk and several experiments along this line of operation. 


The plants which have tried operating more than one shift. 
have found it unsuccessful for two primary reasons: 


First—The harsh nature of the material passing through a 
concrete block machine. The very texture of this material and 
the act of compressing it into a concrete block makes for more 


wear and tear than practically any other material in a manu- 


facturing process. Stones and pebbles sticking at various places 
throughout the machine quite often throw it out of alignment and 
the constant rubbing of the concrete wears out the various parts 
of the mold box very quickly. For this reason it is necessary to 
watch machines very carefully and repair them frequently if the 
kind of product is to be made that is now demanded by mason 
contractors. 

Second—Curing operations as now conducted require an outlay 
of pallets, racks, curing chambers and possibly boilers, very 
nearly double the amount needed for single shift operation. 

What is probably the most efficient concrete products plant in 
Milwaukee county, expanded its market so quickly that ad- 
ditional facilities were needed. 

*By Benjamin Wilk, Author-Chairman, Committee 707; Journau A, GC: I; Feb; 1930; 


Proceedings, Vol. 26, p. 498. ; 
+Critic Member, Committee 707; discussion presented at 26th Annual Convention. 
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Alfred H. Boelk was, at that time, plant superintendent and 
was producing concrete block in a single shift as efficiently, and I 
believe, with as low a production cost as has ever been ac- 
complished in the county. 


Taking a few key men from his day shift and selecting a well 
educated and intelligent working foreman he attempted to build 
up a night shift to remedy the situation his company has worked 
itself into. The observations that follow are largely his and are 
based on his actual experience in operating two shifts a day in a 
very efficient concrete products plant. He states: 


The theoretical view of a plant producing 500,000 units annually and 
‘increasing to 1,000,000 annually by multiple shift is, in my estimation, an 
impossibility unless broad exceptions are made in the second or night shift. 
It is true that this method of operation would cut overhead costs provided 
the plant were properly arranged and if this plant 7s arranged for multiple 
shift and is running full capacity there must be a steady market to take care 
of the production. Without this steady market overhead will be far greater 
with a multiple shift plant in operating continuously than a single shift 
plant arranged to produce units as economically as possible in the regular 
10-hr. day supplemented with arrangements to operate 12 or 14 hrs. daily 
when necessary. 


I believe a plant arranged properly for a single shift with provisions made 
for overtime work is more economical than a multiple shift plant because of 
the lower initial investment, if this plant, with proper management, can pro- 
duce enough units by overtime work to take care of even abnormal demands. 


It has been my experience that a far better unit is manufactured by single 
shift than a multiple shift. My experience has been with both. A quality 
unit is absolutely essential in this day of highly competitive selling and should 
be a primary requisite in determining whether or not two shifts are to be 
operated. My reasons for making this statement are: 


Many small blemishes and cracks which can be seen by day cannot be seen 
at night with artificial ight. This often leads to such units going into curing 
rooms and out into the yard where these defects are cause of breakage in 
handling or trucking. Density of the block, an important factor secured only 
by proper tamping can be determined more closely at day than at night. This 
has not only been proven to me by night work, but by winter work, a great deal 
of which is done by artificial light. 

Help is more efficient and reliable on a day shift than at night. The night 
crew is necessarily a limited one and if one or two men fail to put in appearance 
it is practically impossible to secure additional help for night work. This not 
only throws the night shift out of balance but results in a Joss instead of a 
profit for that night’s work. 

Facilities for repairing and replacing machinery are far greater by day than 
by night. Unless the concrete products plant has a well equipped machine 
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shop, minor adjustments or welding which could be secured from a nearby 
machinist quite readily during day operation cannot be had at all during the 
night. This results in a delay and loss of probably a great portion of the night’s 
work. 

Production does not seem to hold up during the night as it does during the 
day and at the same time, the lives of the machines are materially shortened. 

Racks and pallets must be considered. Unless some high speed curing system 
is perfected more racks and pallets will have to be purchased. 

Good help at night will cost more money per hour than day workers. In 
addition, these men are not as regular in attendance as day men and are less 
efficient in their work, running up the unit cost for night production. 

Inexperienced help, which is often necessary to be used for night work, is 
inclined to abuse the machinery to such an extent that the life of it is shortened 
at least 15 to 25 per cent. 

Accidents seem to occur much more easily and with greater frequency during 
the night shift than during the day. 

A machine capable of turning out 2,000 units in 10 hrs. with two men at a 
labor cost on machine only of $12.00, can turn out 2,800 units in 14 hours at 
a labor cost of $16.80. My experience has been that a night crew working 
10 hrs. will turn out between 1600 to 1800 units in this same length of time, 
10 hours. Figuring the day shift at 60c an hour and the night at 70c, the rate 
it was necessary for me to pay, the average cost per unit for the day’s shift 
was .0128 while the night shift cost .0167. I found that there seems to he a 
period during night operation, coming shortly after midnight, when the 
morale of the crew apparently is disorganized and during which time produc- 
tion slows up very greatly. I have found that by working my crew a full 10 
hrs. and following the practice of having the mixer man on the job one-half 
hour early every morning so that when the seven o’clock whistle blows opera- 
tions may be started at once, production speeds up considerably. 

Another practice that I found that makes considerable difference is that of 
running machines up to the closing whistle at night- and have a man then 
take charge of them, scrape off the wet concrete and follow through on each 
machine, carefully checking it over, oiling and greasing 1t, making any minor 
repairs and getting ready for the next day’s operation. 


The experience outlined by Mr. Boelk makes, I believe, a very 
conclusive case in favor of the report by Mr. Wilk. 


W. D. M. Allan (Chicago)—Mr. Wilk, author-chairman of 
Committee 707, has introduced a problem, the solution of which 
strikes deep at the fundamentals of efficient plant operation and, 
in turn, at the economic success of the concrete products industry. 
The idea of multiple shift operation has aroused as much thought 
and discussion among leading products men as was started seven 
years ago by the subject of efficient aggregate grading. From 
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Mr. Wilk’s paper, there will doubtless continue for several 
months, if not years, a widespread discussion regarding the 
relative efficiency of operating a small plant 16, 18 or 20 hours 
a day in two shifts, or operating a large one, 8 9 or 10 hours a 
day on one shift. ’ 

The question of multiple shift operation is, in my opinion, only 
one phase of the larger question of efficient production. The 
concrete products industry has grown so rapidly that very little 
attention has been given to the true fundamentals of mechanical 
efficiency in the plants. The discussion of the number of hours 
or shifts per day a plant should be operated cannot help but lead 
to a study of piece work and all of its complications, the size of 
machines, efficiency of molding devices, methods of curing and 
numerous other subjects. 


If the Institute should undertake such an investigation, the 
dispatch with which its work is done and the value of its findings 
will depend on selecting men with special training for the com- 
mittee. A study of efficient plant operation can be divided into 
several phases, each of which can be studied by sub-committees. 


At this time, any discussion of multiple shift operation must 
be partially theoretical because very few manufacturers have had 
first hand experience over a long time to make a valuable decision 
on this method of production. In discussions I have had with 
manufacturers who are favorable or opposed, the statement is 
frequently made, ‘‘Oh, we’ve tried out the plan and it’s the only 
thing,” or “It’s no good and won’t work.” Further questioning 
almost always brings out the fact that multiple shift was tried 
for a few weeks, or even months, but in no case long enough to 
justify any well founded conclusion. 


It is quite possible that the concrete products industry after 
exhaustive study will arrive at Mr. Wilk’s conclusion regarding 
multiple shift operation. ‘On the basis of this comparison, it is 
evident that in the concrete products industry the single shift 
plant is to be preferred over the multiple shift plant.’’ However, 
there is not yet sufficient data, experience or study to warrant 
taking this conclusion as final and even though the conclusion 
might apply in the type of plant he has selected, it is quite 
possible that a plant making a smaller range of products may find 
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multiple shift operation very much to its advantage. I believe 
that Mr. Wilk would be disappointed if this most important 
subject were disposed of without thorough investigation. 


There would never have been any thought or talk about 
multiple shift operation were it not that many leading manu- 
facturers realize that the concrete products industry is not making 
the progress that it should. This is in spite of the 700 per cent 
increase in the use of the product in the last ten years. Each 
year since the war until 1929, the output has increased over the 
previous year. Almost without exception the one thousand 
leading manufacturers who do 80 per cent of the total volume of 
business, have each year enjoyed increases. Under this condi- 
tion not much thought has been given to the seriousness of in- 
efficient methods, but in 1929 the situation changed. The volume 
of building business decreased and there was an important de- 
crease in the output of concrete masonry as compared with 1928. 
Six hundred concrete products plants went out of business in the 
year. Profits dwindled and there developed an entirely different 
feeling toward the importance of manufacturing costs. 


In about 1919 the concrete products business began to get into 
power production in earnest. To get away from the backyard 
type of plant seemed to be the all important job. The pendulum 
began its swing toward big, automatic production with large 
investments in land, buildings and equipment. Plants with one, 
two or even three hundred thousand dollars replaced those of 
three, five or ten thousand dollars in a period of from five to six - 
years. The apparent or potential demand for the product did 
not justify the extent to which the construction of large plants 
has been carried. 


The total sales of common masonry materials in the peak year, 
including common clay brick, clay tile, concrete block and sand- 
lime brick, were equivalent to approximately 1,250,000,000 
(8 by 8 by 16) units. There are over 9,000 power concrete block, 
tile and brick machines installed and ready for operation, with 
outputs per nine hours varying from 1,000 to 3,000 per machine. 
Assuming an average output of 1,000 block per shift, these 9,000 
machines can turn out, with properly designed plants, 9,000,000 
units every nine hours. If these plants operate two nine-hour 
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shifts per day, they can produce in properly designed plants 
18,000,000 block per day. If they operate 300 days per year, the 
output is 5,400,000,000 units or more than four times the total 
sales of all kinds of common masonry materials sold in any year. 
For the sake of conservatism, let’s cut down the assumed very 
low average output per machine to one-half and then cut the 
number of working shifts in half and operate at only one quarter 
capacity, we still have an output of 1,350,000,000 block per year, 
which is 100,000,000 or 7 per cent more than the total sales of all 
types of common masonry combined. 


As soon as profits began to fall leading manufacturers saw the 
seriousness of the gross over-capacity and corresponding over- 
investment. Consequently more manufacturers are studying 
efficiency this winter than ever before. Multiple shift operation 
is looked on by many of them as a possible means of lowering 
costs. Two hundred or three hundred products manufacturers 
with either entirely new or completely redesigned plants start 
into the concrete products business in an average year. Both 
groups are anxious to avoid the excess costs of over-capacity. 
Multiple shift operation is for new plants. It will not, for the 
most part, work in plants that are not designed for it. 


Until a committee of the American Concrete Institute or some 
other interested organization makes a detailed study of costs of 
operating one shift a day in a plant designed for such operation 
and two shifts a day in a properly designed plant, it is probable 
that those who are responsible for plant design will draw upon 
the experiences of other industries and those who believe in 
multiple shift will so design their new plants and those who don’t 
like the idea will continue as at present. Multiple shift operation, 
in my opinion, requires: 


1. A plant designed for it and management favorable to it. 


2. 20 to 30 per cent reduction in fixed capital investment, with 
resulting saving in interest and depreciation. 


3. A lower cost of power, insurance and rent. 


4. More capable supervision of men and plant, but not 
necessarily higher cost supervision. 


5. Piece-work method of paying wages. 
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Mr. Wilk attaches much more importance to break-downs and 
inflexibility in small plants run at high capacity than I believe is 
warranted. The only reason we have break-downs is because we 
have machines and as the number of machines increases along 
with the interdependence of the machines, the greater the 
liability of break-downs. In operating a small plant two 9-hour 
shifts a day, taking out time for lunches, there still remain 4 or 5 
hours for switching from one size of mold box to another, for 
changing tamper feet, mixer blades and replacing worn parts. 
Spare parts will have to be kept in stock. A foreman who is also 
the millwright will have to be on the alert for worn and poorly 
working parts, so that repairs will be made during off hours. 
Ninety per cent of the break-downs in a concrete products plant 
are due to carelessness and will be avoided in the efficient plant 
of the future. 

Skilled workmen are usually not as efficient on night work as 
on day work, but concrete block plant workers are hardly to be 
rated as skilled. Efficiency in workmen on night shifts in con- 
crete products plants is largely a matter of management. Care 
will have to be used in selecting the night workers, but assurance 
of steady employment will do much to overcome the difficulties 
of getting work done at night on an efficient basis. 


The opinions expressed for and against multiple shift operation 
in particular and for greater plant efficiency in general for the 
time being are based on personal opinions and consequently are 
likely to be very pronounced in either direction. 


To help the products manufacturer who is building his plant 
for the future, it is highly important that reliable information be 
made available which will enable him to reduce his costs to an 
absolute minimum and get output per plant much larger than the 
biggest plants are turning out at the present time with invest- 
ments from one half to three quarters the present average. 


Mr. Wilk: Before reading Mr. Parker’s discussion, I want to 
comment briefly on Mr. Allan’s discussion. If we are not to base 
a large part of the design of plants on the practical experience of 
the men who are operating them daily and to whom the capital 
invested in these plants looks for profit, then where are you going 
to look for advice on the design of plants? It goes without saying 
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that money invested in a plant is there to make a profit, and the 
men-at the head of these plants are there to see to it that that 
investment brings a fair return. In the last ten years and par- 
ticularly the last five years, considerable money and brains have 
been put into the business. If some of the largest manufacturers 
in the United States now come. to the conclusion that single 
shift operation under present machinery conditions is best, then 
it strikes me that that practical opinion is very vital in the solu- 
tion of the problem. Mr. Allan made one point about a market 
which did not have over-production. I dare say that in the 
United States there is not a market where there is not over- 
production. 

As we go into walls above ground, we are going to have greater 
variety of units. When you have to manufacture special units 
for windows, etc., you have a different problem from that in the 
manufacture of units for basement walls. Instead of reducing 
the number of units, we are going to increase the number of units. 
Certainly we won’t manufacture them all on one machine, be- 
cause the number of changes you make in that machine will 
cost money. 

I think, with Mr. Allan, that instead of having the 4,000 plants 
that we have today, we would be better off with 1,500. 

Mr. Parker is ‘engineer for one of the very largest products 
plants in the United States, at Ridgefield Park, New Jersey, 
supplying the northern part of New Jersey. They are manu- 
facturing cinder units, and the machines in that plant are very 
large machines. He is looking at multiple shift from the stand- 
point of the large machine. I purposely took the small machine 
even though we do have large machines and small ones in our 
own plant. I want to give that background to Mr. Parker’s 
paper, because he has not only the theoretical experience and 
training, but also the practical experience in a plant where he 
should have learned something about the value of single and 
multiple shift operations. 


BY HENRY C. PARKER* 
The answer to the question, ‘Should a Products Plant be 
Equipped for Single or Multiple Shift Operation,’ depends to 


*Member Committee 707; discussion presented at 26th Annual Convention, in the author’s 
absence by Benjamin Wilk, chairman of the committee. 
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some extent on the desired production, cost of land and equip- 
ment, methods of handling materials and ratio of maximum to 
minimum seasonal demands. The following estimates will show 
that a rather unusual combination of these conditions would 
have to exist to warrant multiple shift operation. 


We are told that the tendency is toward the building of plants 
for large production. Let us assume a production of about 
2,000,000 (8 in. or equivalent) units, made up of 4-in., 6-in., 8-in., 
10-in., and 12-in. blocks. We will also assume, in this age of over- 
production, a 5-day week. This would mean about 240 working 
days per year. 


For a single or double shift plant, the required investments 
might be estimated as follows: 


Single Shift Double Shift 

Raw material handling............. $ 6,000.00 $ 4,000.00 
1M bat 6h 3 Sea NGG eel tahoe eas aa ae nes ae 7,000.00 4,000.00 
Mam pin papa. cles eee eas 14,000.00 9,000.00 
Pallets, hacks Sy paca eicenee oe 9,000.00 9,000.00 
ERruickamspmeer errata oe re coe cae 9,000.00 6,000.00 
BuiGine eee eee ey eet ene eae st 22,000.00 20,000.00 
Property Ca IRI Nats to) LOULEN a ary Ane SA 27,000.00 27,000.00 

nO tall eee era Pecado ee Seek $94,000.00 $79,000.00 


These estimated amounts will vary greatly according to 
aggregate used, cost of land and railroad siding and to construc- 
tion of building. The comparison between the two columns is less 
affected than their totals. 

Let us consider separately the following general divisions into 
which cost may be divided: 

(a) Material 

(b) Labor 

(c) Manufacturing Overhead, and 

(d) Administrative Overhead and Selling 

Of these, only the two items—Labor and Manufacturing 
Overhead—are affected by one or two shift operation of the plant. 
They represent about 40% of the total cost. 

For low labor cost, the one shift plant is best. In addition to 
the several reasons given by Mr. Wilk, we find that it is much 
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easier to keep all employees busy on large production from single 
shift operation, than on small production. The operation of a 
large modern plant is similar to a complicated machine. Each 
man has his special work to perform and often he cannot do two 
different operations, even though he is not busy all of the time 
on his allotted task. 


For example, one lift truck would be kept busy taking green 
blocks to the curing room on a production of 9,000 blocks per 
day, and a second truck would have all it could do to take the 
same quantity of blocks from the curing room to the storage yard. 
On half that production neither truck would be busy, while one 
truck could not do both operations. 


The difference in labor cost between one and two shift operation 
could be accurately estimated for a given production and plant 
layout, but the amount arrived at would not apply to a different 
production or plant layout. 

Manufacturing overhead is composed of many items, such as, 
depreciation of equipment, depreciation of buildings, repair 
parts and labor; superintendence; non-productive labor; book- 
keeper; compensation insurance; fire insurance; interest on in- 
vestment; taxes; power, heat and light; ete. 

Of these, the single shift would decrease repair parts and 
labor; superintendence; power, heat and light; and the two shifts 
would decrease fire insurance; interest on investment; taxes. 
The other items remain about the same for either one or two shift 
operation. 5 se elt 

With one shift operation, there is ample time to keep the 
machinery in good condition, thus lessening repairs; one super- 
intendent can care for the entire production, and assistant for 
night work is not required. To light the plant adequately for all 
operations from unloading materials to storing blocks in yard, 
would consume a large amount of current. 

Fire insurance, interest on investment, and taxes, would show 
a saving on the two shift plant assumed above of about $2,000 
per year, not enough to pay the night foreman. 

A word about 12-month operation might be of interest. 


To insure shipment of cured products, at least 30 days produc- 
tion should be carried in stock. This amounts to 270,000 on the 
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assumed output above of 9,000 per day. Ata cost of ten cents in 
the yard, this stock represents $27,000, and a fixed charge of 
$1,620.00 per year. 


If a plant were operated nine months of the year and winter 
shipments averaged 3,000 per day, reserve stock would have to 
be increased by 180,000 blocks carried for an average of one and 
one-half months and increasing the fixed charge on money 
invested in finished product by only $135.00. Theoretically, this 
would appear to be an excellent method. But when consideration 
is given to the injustice of laying off all employees engaged in 
manufacture for three winter months and the cost of getting 
together and training a crew of new men in the spring, a twelve 
month year is far better. 


A ten hour day is a thing of the past and needs no consideration 
here. The necessity of cleaning equipment after each day’s run 
is a good reason for running nine hours instead of eight hours per 
day, and five days instead of five and one-half days per week. 


There are many good reasons for building and equipping a 
plant for an average one shift production to cover the year’s _ 
shipments, stocking up in the winter for the spring rush, and 
making provision for the addition of equipment, mainly pallets, 
racks and curing rooms for a second shift, if necessary. Planning 
for a five day week also permits increasing production 20% by 
working a six day week without adding to equipment. 


Mr. Wilk—Discussion of unemployment seems to indicate 
that the men at the head of large plants are giving serious con- 
sideration to the question of unemployment. In Detroit the 
large automobile plants did the bulk of their manufacturing for 
the year by September and then laid off men. That had a great 
deal to do with the large amount of unemployment there, but 
they are giving ‘that matter very serious consideration now. 


Charles VanHouten (Chicago, Ill.)—We tried the long hour 
day in the manufacturing of block in Chicago, in two ways. Our 
first way of trying it was starting the men at work at six o’clock 
in the morning. Some of these men were to work eight hours, and 
the better and more physically fit were kept 12 hours, and when 
these other men were let out, the men to take their place of course 
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stepped in. That worked very successfully. We got as good 
production during the last part of the day as the first part. We 
started out that way because we thought our business would not 
require greater production. We worked about two months in 
that manner and changed to two entire shifts, working each 
gang eight or nine hours. That proved to be an absolute flop. 
We tried to get as much production, we had the same men 
doing the work at night as we had had during the day, but it was 
a failure. Men would not stick to the job. 


Discussion of Paper by P. M. Woodworth 


“SoME TEsts oF ConcRETE Masonry CURED WITH 
HicH PRESSURE STEAM’’* 


BY W. H. CRUMET 


AT THE time of making the tests of concrete units cured by - 
high pressure steam, in charge of Mr. P. M. Woodworth, we were 
making only vibrated units. The results were so far superior to 
any other method of curing that we have adopted this practice for 
all our concrete units. . 


We are manufacturing various sizes of products on tamping 
machines both of sand and gravel and of Haydite. 


With the vibrated units we have improved the process and 
equipment and now use leaner mixtures, a 1:6:8 mix by volume 
gives us a yield of better than 100 of 4x5x12 in. units per bag of 
cement, the units testing 1500 to 1800 lbs. per sq. in. 

We have recently begun producing concrete brick, using only 
portland cement and our bank sand. In this department we 
follow the same practice as in sand-lime brick making, using 
only 4 sacks of cement per 1,000 standard size brick. The cement 
and sand are measured by poidometers and fed to a revolving rod 
mill of 4 ft. diameter by 10 ft. length. In this mill the materials 
are ground and mixed by 7 tons of round rods rolling and tumb- 
ling, so the sand grains are well coated with cement, the water 
being added in the mill. 

The concrete brick, 214x334x8 in. and double brick 5x334x8 in. 
are formed in presses and are handled in their green state without 
pallets being stacked on cars that are then run into high pressure 
steam cylinders. When removed they are shipped direct to the 
job, in fact all our concrete products are ready to use with no 
further curing. 


*JourNAL, A. C. I., Feb. 1930; Proceedings, Vol. 26, p. 504. 
+President, The Crume Brick Co., Dayton, O., in whose plant the tests reported by Mr. 
Woodworth, were made. 
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It takes about three hours to heat the large cylinders and we 
find that 6 hours at 100 lbs. pressure is sufficient. It takes about 
one hour to exhaust the steam. Thus the cycle is 10 hours, 
using the curing facilities twice in 24 hours. 

In addition to high early strength and practical elimination of 
shrinkage it is not necessary to have large inventories of products 
in the curing yard; there is very little breakage, as the products 
are hard and tough. 

The color of our vibrated tile and pressed brick after coming 
from the high pressure steam is almost white, even though made 
from standard grey cement and brownish bank run sand gravel. 
In fact the use of white cement does not make them any lighter 
in color. 

We have recently experimented in mottled color effects with 
the vibrated tile and have obtained some beautiful effects, with 
clear whites and brilliant colors in reds, orange, greens, browns, 
blacks, ete. 

We have tried these colored units with low pressure steam, 
but colors show up dull and the background muddy. 

We feel that there are great possibilities in this method of 
curing and that we have just scratched the surface. 


BY L. J. POND* 


BeEFORE a manufacturer departs from well accepted methods of 
curing at an added capital expense and increased cost of running 
extra plant there should be no doubt as to the advantages to be 
gained by the outlay. I submit that case for high pressure steam 
curing is not proven. 


That in view of development of rapid hardening cements now 
almost universal in Great Britain, and soon to be so all over the 
world, the advantage of early handling of units can be more 
cheaply obtained by using this rapid hardening cement without 
forcing the curing by steam, either high pressure or otherwise, 
and this without any special plant. 


Before data can be obtained as to durability of units cured by 
high pressure steam over a period of years, rapid hardening 


*Managing Director, Craighall Cast Stone Co., Ltd., Edinburgh, Scotland. 
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cements will be available everywhere, and steam curing plants 
and investigations will be obsolete. 

Decrease of compressive strength of steam cured units at nine 
days indicates great internal stresses that are probably closely 
related to subsequent surface cracking. 

Panel test conditions do not correspond with severe weather 
conditions in a damp climate having great variations. I suggest 
that these are: Constant alternations of prolonged rain, say three 
days with wind pressure soaking it to maximum absorption, 
followed immediately by rapid drying out of one surface by drying 
winds and sun while the body of the unit is still full of absorbed 
water. These conditions set up severe stresses within the unit 
and are believed to have a large part in forming cracks in the 
surface, and thus the commencement of the breaking-down 
process by frost and further moisture ingress. 

Further tests of high pressure steam cured units under these 
conditions would be of great value to ascertain if such units 
possess any advantage over others cured by more common means. 


Readers are referred to the JourNau for November, 1930 for 
discussion which may develop. Such discussion should reach the 
Secretary by Oct. 1, 1930. 
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Properties of cements at different 
consistencies of mortar and con- 
crete. H. Ricuarz. Tonind. Zig. 
(Germany) 1929, V. 63, 1619-21, 
1636-8, 1658-60.—The several cements 
tested (except alumina cement) be- 
haved much the same in wet con- 
sistencies as in earth-dry mixes, but the 
decrease in strength was considerable 
even up to ages of one year. The 
further addition of finer aggregate 
beyond a certain point, increased 
greatly the water requirement for any 
given consistency. The early strength 
of earth-dry mortar and concrete is not 
reached in 6 months by wet mixes. A 
tamped 1:7 concrete is always stronger 
than any 1:3, 1:4 or 1:5 concrete wet 


enough to pour. Increasing the cement - 


content helped appreciably, however, 
for the wetter consistencies. With 
suitable care, pouring of concrete is 
feasible for many purposes.—F. O. 
ANDEREGG 


The bonding of Rhenish pumice 
stones with lime and cement. 
Wiiut SerKin. Tonind. Zig. (Ger- 
many) 1929, V. 33, 1511-2, 1542-3—A 
pumice stone deposit along the right 
bank of the Rhine is described as well as 
experiments which showed that lime 
has nearly as good cementing properties 
as cement; best results were with a 
mixture of lime and cement. In this 
way a large line of cement products is 
manufactured.—F. O. ANDEREGG 


Powdered admixtures in con- 
crete. Eng. News-Record, Nov. 21, 
1929, V. 103 No. 21, p. 816.—A resume 
of a paper describing two series of tests 
reported by Duff A. Abrams at meeting 
of Am. Soc. Testing Materials on effect, 
of powdered admixtures on strength 
and workability of concrete. Tests 
with commercial and non-commercial 
admixtures in percentages ranging from 
2 to 15 per cent of the cement, indicated 
that slightly hydraulic admixtures 
showed only small increase in strength 
and non-hydraulic admixtures showed 
reduction in strength up to about 
5 per cent for each 1 per cent of 
admixture in terms of weight of cement. 
Colloidal clays and diatomaceous earth 
gave greatest reduction in strength and 
in general reduction was greater at one 
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to three days than at greater ages. 
Workability was not improved by ad- 
mixtures. The following conclusions 
by the author are given: (1) The water 
factor (defined as a quantity of mixing 
water required by the addition of a 
unit weight of any constituent in order 
to maintain a given workability) re- 
quired to produce the same workability 
as similar concrete without admixture 
was approximately proportional to the 
normal consistency of the admixture as 
measured by the Vicat needle; (2) all of 
the commercial admixtures tested must 
be classed as injurious adulterants, be- 
cause of their high water factors; (3) 
the effect of admixtures was inde- 
pendent of the quantity of admixtures 
used, although quantities higher than 
15 per cent were not considered. (cf. 
Proc. Am. Soc. Testing Materials, 1929, 
V. 29, Part 2, p.618 653.) —D. F. 
JENNINGS 


Diatomaceous earth as admix- 
ture for concrete. WrRNEKKE. J0- 
nind. Ztg. (Germany) 1929, V. 53, 
1536-7.—Description of the properties 
of Celite, which is now available in 
Germany.—F. O. ANDEREGG 


‘The influence of magnesium 
fluosilicate on portland cement. 
Zement (Germany) 1929, V. 18, p. 
1302-4.—Concrete test pieces were 
treated with MgSiF, and the following 
changes in the properties found: increase 
in weight up to 7 per cent, increase of the 
hardness and the capability of re- 
sistance against organic acids and de- 
crease of the permeability for water. 
Petrographic examinations showed a 
denser structure of the concrete.— 
A. EK. Brrriicu 


The importance of the fineness 
and the chemical composition for 
the need of water of cements. 
Hans Kun. Zement (Germany) 1929, 
V. 18,.p. 1322-8.—Cements of different 
chemical composition were ground to 
different fineness. Test pieces were 
made (1) of normal consistency, (2) 
with 40 per cent and (3) with 70 per 
cent excess water. The strength 
properties were studied. The amount 
of water for normal consistency in- 
creases with the fineness. The chemical 
composition showed no influence on the 
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relation between strength and the w/c 
ratio. The strength decreases with the 
excess of water, especially in the finer 
portions. These did not develop the 
greatest strength. The amount of 
water and the strength properties de- 
pend on the presence of coarse and fine 
material, since both are necessary for 
the hardening process.—A. E. Brrriicu 


The influence of the heat in the 
finishing mill on the setting time 
of cement. Zement (Germany) 1929, 
V. 18, p. 1348-50.—A high temperature 
in the finishing mill does not affect the 
clinker but partly dehydrates the 
gypsum. The cement has quick setting 
properties when mixed with water in 
the usual way, but it sets normal, when 
mixed for about 15 minutes.—A. E. 
BEIrLicH 


Tricalciumsilicate. ERNST JANICKE. 
Zement (Germany) 1929, V. 18, p. 
1345-7.—Author claims the X-ray photo- 
eraph of the tricalciumsilicate, made by 
Hansen and Brownmiller shows a mix- 
ture of dicalciumsilicate and free CaO. 
A. Guttmann and F. Gille dispute this 
conception. X-ray diagrams are given. 
—A. EK. Brrruicu 

Storage bins in the cement in- 
dustry. Orro Scuorr. Zement (Ger- 
many) 1929, V. 18, p. 1871-5.—A 
number of modern storage bins for raw 
and finished materials are described.— 
A. E. Bririicn 

Experiments to increase the 
efficiency of compeb mills. Tu. 
Tramps. Zement (Germany) 1929, V. 
18, p. 1299.—Effiicencies of raw mill, a 
coal mill and a cement mill were in- 
creased by changing the charge of balls 
in the different compartments. Balls 
of different diameter, cubes and 
cylinders (Cylpeps) were used. Tables 
showing the different combinations of 
the charge, the power consumption and 
the fineness are given.—A. E. Brrriicu 

Influence of aluminium on mor- 
tar strength. H. W. Lxuavirt, J. W. 
Gowrn snp L. C. Jenness. Maine 
Technology Exp. Sta., Paper No. 8, 
Proc. Nat. Acad. Sci, Sept. 1929, V. 15, 
No. 9, p. 740-42.—A statistical analysis 
of the 7-day and 28-day tension data of 
standard briquets made from 117 native 
glacial sands of Maine, proves that the 
per cent of aluminium present in the 
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sand affects the resulting strength. 
This influence of aluminium content is 
positive—the greater the per cent of 
aluminium present the greater the re- 
sulting strength. The effect of this 
element on the 7-day strength is not as 
great as for the 28-day period. This 
would indicate that aluminium is a 
desirable constituent of sands. Alumi- 
nium was found to have very little 
effect upon the compressive strength 
of these sands when tested in a 1:2 
mix and made into 2-in. by 4-in. 
cylinders. (cf. Influence of Iron Con- 
tent on Mortar Strength, Leavitt and 
Gowen, Proc. Nat. Acad. Sci., April 
1927, V. 13, No. 4, p. 263-65.)—H. W. 
Lwavirr 

On the joint influence of iron 
and aluminium in native sands on 
mortar strength. H. W. Lxavirt, 
J. W. Gowrn anp L. C. JENNESS, 
Maine Technology Exp. Sta., Paper 
No. 9, Proc. Nat. Acad. Sci., Sept. 1929, 
V. 15, No. 9, p. 742-43.—Previous 
papers have shown that both iron and 
aluminium influence mortar tensile 
strength. This paper deals with the 
joint influence of these two elements, 
common to Maine glacial sands. A 
multiple correlation study is made of 
the data on 117 sands and a prediction 
equation is derived—Mortar Strength 
= 20 Aluminium % + 43 Iron % + 
212. 

The results obtained furnish proof of 
the fact that iron and aluminium 
jointly and separately materially in- 
fluence the tensile strength of Maine 
sands. This conclusion may be ex- 
tended to the chemical condition of the 
sand used in cement mortars to the 
extent of influencing the tensile strength 
of these mortars when hardened. Proof 
is thus furnished of the chemical inter- 
action of the sand and cement. Refer- 
ence is made to 2 previous papers. 
(cf. Gowen and Leavitt, Proc. Nat. 
Acad. Sci., April 1927, V. 18, No. 4, p. 
263-5 and Leavitt, Gowen and Jenness, 
Proc. Nat. Acad. Sct., September 1929, 
V. 15, No. 9, p. 740-2.)\—H. W. 
Lwavitr 

A method of studying the re- 
actions in a portland cement kiln. 
Winturam N. Lacey anp HovsBeEert 
Woops. Ind. Eng. Chem. 1929, V. 21, 
No. 11, p. 1124-1126.—The kiln charge 
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is sampled throughout the length of the 
kiln during operation. Near the dis- 
charge end samples are taken by a 
specially designed sampling cup. At 
other points samples are obtained 
through tubes inserted in the kiln wall. 
Loss on ignition and free lime content 
determinations furnish data concerning 
the progress of reactions. Results of 
analysis of two sets of samples and 
sampling locations are shown in graphs. 
—Roy N. Youne 


Three Forks Portland Cement 
Co.’s Trident plant was first in 
Montana. F. C. Lincotn. Pit and 
Quarry, Nov. 6, 1929, V. 19, No. 3, p. 
39.—This plant was erected in 1909 as a 
subsidiary of Ideal Cement Co. Its 
original daily capacity was 1,500 bbl. 
with two kilns but another kiln was 
added in 1913 increasing its capacity to 


2,250 bb]. Is 6 mi. northwest of Logan, 
Mont., on main line of Northern 
Pacific Ry. Raw materials are Three 


Forks shale, an argillaceous limestone 
running about 70 per cent CaCOs, and 
the Madison limestone which runs 
about 85.5 per cent CaCO;. Quarry 
face is about one-half mile long with 
maximum bank of 140 ft. Combina- 
tion of well-drill holes and coyote holes 
for blasting. Ingenious ‘coyote-car” 
enables single workman to excavate, 
load muck, tram and dump, without 
leaving the hole. Steam shovels and 
locomotive handle material to primary 
gyratory crusher. Material then passes 
rotary screen, another gyratory crusher, 
and swing-hammer pulverizer. Ground 
material pa by pan conveyor to the 
blending bins in dry-process mill, and 
is automatically sampled to 20 Ib. per 
160-ton bin. Belt conveyors beneath 
the bins carry the blend to dryer bins. 
Two dryers reduce moisture in coal 
used for fuel to 0.5 per cent. Dried rock 
elevated by pan conveyors to grinding 
room. First-stage grinding is by 
Kominutors, second by tube-mills. 
Screw conveyors deliver ground ma- 
terial to the three kilns, each 140 ft. 
long. Clinker goes by conveyor to two 
60-ft. coolers and then to same grinders 
that prepare the feed. Five concrete 
bins, capacity 40,000 bbi., store 
finished cement. Two 3-tube packers 
sack it.—A. J. Hoskin 


Slurry having both abrasive and 
corrosive properties can be pumped 
efficiently. P2t and Quarry, Nov. 6, 
1929, V. 19, No. 3, p. 71.—Slurry 
handled by Structural Gypsum Co., 
Linden, N. J., possesses peculiar 
chemical and physical characteristics 
which have been met by special centri- 
fugal pumps. Some slurry carries 60 
per cent solids and has temperature 
ranging from 150°F. to 180°F.—A. J. 
Hoskin 


Cement and gypsum plants at 
Hanover, Mont., operated by Three 
Forks Portland Cement Co. F. C. 
Lincoun. Pit and Quarry, Nov. 20, 
1929, .V. 19, No. 4, p. 27.—Two unlike 
plants secure raw materials from 
adjacent formations. | Cement-shale 
guarry has 50-ft. face. Rock so soft 
that no blasting is required. Steam 
shovels load to side-dump cars which 
are taken by a gasoline locomotive to 
primary gyratory crusher. Limestone 
guarry is 3 mi. from plant and has a 
bank varying from 40 ft. to 100 ft. 
Gasoline and electric motors drive well 
drills. About 40,000 tons of rock 
blasted at one time. Jaw crusher in 
quarry reduces limestone to minus 6-in. 
From bin this rock is conveyed by 
aerial tramway to cement plant. It is 
again reduced by the same primary 
gyratory that handles the raw shale. 
Raw materials are then weighed, 
mixed, and delivered into cement-mill 
bin. Water is added to this mixture 
as it enters the Kominutor, from which 
the material goes to and through tube 
mills, emerging at a fineness such that 
88 per cent will pass 200-mesh. Slurries 
are sampled and suitably blended, 
using three correction tanks and three 
intermediate tanks, before passing to a 
9 by 200-ft. kiln in which coal is the 
fuel. Clinker passes through 80-ft. 
rotary cooler, is admixed with 2.25 per 
cent raw gypsum, and finally pulverized 
in a 7 by 22-ft.. ball mill. Finished 
product goes to storage of 80,000-bbl. 
capacity. Two 4-tube packers com- 
plete the process.—A. J. Hoskin 


Compressive strength of slag con- 
crete. (See PRoprerRTIES or Con- 
CRETE. ) 
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Calculation of the compounds in 
portland cement. R. H. Bogus. 
Rock Products, Nov. 9, 1929, V. 32, No. 
23, p. 47.—Arithmetical and diagram- 
matic methods are designed to give 
relative amounts of portland cement 
compounds from clinker analysis. Ap- 


‘plications and limitations discussed. 


(ef. Ind. Eng. Chem., Anal. Edition, 1, 
4 (1929).—J. J. Lanpy 


Admixtures in concrete. Joun G. 
AHLERS. Concrete, Dec. 1929; V. 35 
No. 6, p. 21.—An analysis has been 
made of financial advantages in the 
use of sufficient admixtures, by com- 
puting the increased cost of the con- 
crete with various admixtures and con- 
sidering what might be purchased in 
the form of portland cement at the 
same cost. Comparisons were made of 
the concrete by the use of this ad- 
ditional cement with concrete using 
admixtures. Admixture A showed an 
average saving of about 12¢ a cu. yd; 
B 11¢ a cu. yd; due to increased yield. 
A loss of about 7¢ a cu. yd. is sustained 
when admixture C is used. Admixture 
D which does not swell like the three 
previous materials, but like cement, 
occupies a space equal to its own 
volume, showed loss of 3¢ a cu. yd. 
Hydrated lime causes a slight reduction 
in the strength as well as a loss of ll¢a 
cu. yd. The use of calcium chloride in- 
volved a loss of about 23¢ a cu. yd. 
Admixtures in general do not compare 
with an equal “money’s worth of 
cement.—C. BACHMANN ° 

In Defense of Integral Water- 
proofing. R. E.Wirarow. Concrete, 
Dec. 1929, V. 35, No. 6, p. 27.—It is 
recommended that all admixtures for 
concrete be classified under their 
general types, namely: Ist, integral 
waterproofings, which shall include only 
such materials as are water-repellents; 
2nd; plasticising or lubricating ma- 
terials, or those used to prevent 
segregation, such as lime, diatomaceous 
earth, or silica, etc.; 3rd, the calcium 
chioride combinations, which should 
be used as accelerators. The heading 
of ‘fillers’ means nothing, but might 
include materials which would be 
actually detrimental to concrete. Any 
finely divided inert material used as an 
admixture for concrete is a filler. 
Densifiers may be regarded the same as 
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fillers. In tests made by a private 
laboratory, of integral waterproofing, 
the cubes after being made were kept in 
the forms for two days and cured in air 
for five days. When seven days old the 
core was filled to within 14 in. of the top 
with a potassium permanganate solu- 
tion, which was kept at a constant level 
for seven days, by daily adding enough 
solution to replace that absorbed by 
the concrete. Glass plates prevented 
evaporation. In the plain concrete 
core, in which no admixture was used, 
the solution penetrated about one- 
third of the thickness; in the core 
employing a lubricating material, fully 
one-half of the thickness was affected; 
another plain concrete core whose 
surface was treated with chemical floor 
hardener showed a penetration of about 
one-sixth, and the concrete in which a 
water-repellent type of integral water- 
proofing was used showed only a 
slightly stained surface after seven 
days.—C. BACHMANN 


Effect of type of coarse aggregate 
on the strength of concrete Dis-. 
cussion by Stanton Waker. National 
Sand and Gravel Bulletin, Dec. 1929, 
V.10, No. 12.—An analysis of data con- 
tained in the report of W. F. Keller- 
mann, in the June issue of Public 
Roads, presented in such a manner that 
comparisons among the different ag- 
gregates are made using concrete in 
which the quality of concrete per unit 
volume is constant and the volume of 
mortar is in proportion to the voids in 
the coarse aggregate. The test data 
which were analyzed included results 
of concrete tests for 4 mixtures, 4 
gradings of coarse aggregate, and 14 
different coarse aggregates of which 7 
were designated as gravels and 7 as 
crushed stones. The following con- 
clusions were drawn by the author of 
the discussion based on these data: 


(1) Comparisons of the concrete- 
making properties of different ag- 
gregates should be made only in the 
light of .careful consideration of the 
quantity of cement per unit of volume 
of concrete and the amount of mortar 
required to produce workability. Com- 
parisons based on arbitrary mixtures 
by volume lead to erroneous con- 
clusions. 
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(2) If the same quantity of cement 
per unit of volume of concrete and a 


volume of mortar in proportion to the _ 


voids in the coarse aggregate are used 
in the concrete, flexural strengths ob- 
tained using aggregates with rounded 
particles are at Tent as high as those 
obtained with angular particles. 


(3) If the cement content and 
volume of mortar are taken into con- 
sideration as suggested in No. 2 above, 
the compressive strength of concrete 
made with coarse aggregate consisting 
of rounded particles generally will be 
higher than that of concrete made with 
angular particles. 


(4) While the preponderance of 
evidence indicates rather wide varia- 
tions in the flexural strength of con- 
crete made from different aggregates it 
is not believed that available informa- 
tion definitely identifies the factors 
causing these variations. 


(5) When the cement and mortar 
content are taken into account the com- 
pressive strength is found to be affected 
by the type of aggregate at least as 
ereatly as the flexural strength.—P. 
McKim 


Fuel in the manufacture of port- 
land cement. H. P. Rem. Rock 
Products, Nov. 9, 1929, V. 32, No. 23, 
p- 69-72.—A critical discussion of 
various types of fuels, coal mill prob- 
lems and practice, and fuel efficiencies 
in portland cement manufacturing. 
Temperature control in cement manu- 
facture, care of refractory lining, fuel 
ratios and waste heat power generation 
are discussed. Recoverable heat in 
exit gases of average dry process kiln 
greatly exceeds that in modern wet 
process kiln. Waste heat boilers in 
wet process plants may not give satis- 
factory return on investment.—J. J. 
Lanpy 


Crushing plant of Olympic Port- 
land Cement Co. Rock Products, Nov. 
23, 1929, V. 32, No. 24, p. 49-53.—De- 
tailed description of operation, plant 
design, featuring two-stage aerial tram- 
way from quarry to plant.—J. J. Lanpy 


Sand and gravel in 1928 Rock 
Products, Nov. 23, 1929, V. 32, No. 24, 
p. 53. —Production and value figures 
by states as compiled by Bureau of 
Mines. About 77 per cent of total 
production reported as washed and 
screened.—J. J. LANDY 
in 192x. 


Fuller’s earth Rock 


’ Products, Nov. 23, 1929, V. 23, No. 24, 


p. 71.—Production reported by 17 
operators in eight states increased 9 per 
cent in quantity and 3 per cent in value, 
compared with 1927. Exports in- 
creased 34 per cent.—J. J. LANDY 


_ Efficient gravel washing with 
jigs. Epmunp SHaw. Rock Products, 
Nov. 23, 1929, V. 23, No. 24, p. 72-75. 
—Four-cell machine at Edward Side- 
botham plant, Lomita, Calif., treats 
100 tons per hour, reducing shale 
content to less than Y% of 1 per cent.— 
J. J. Lanpy 


Physical characteristics of slag 
agsregate. Rock Products, Nov. 23, 
1929, V. 32, No. 24, p. 75: Physical 
properties discussed. Specific gravity 
range determined to be from 2.11 to 
3.16; weight per cubic foot, crushed and 
graded, 74.0 to 88.0 lb. (rodded) 
weight of slag concrete compared with 
limestone and gravel concrete. (cf. 
Symposium No. 14, National Slag 
Association, Cleveland, O.)—J. J Lanpy 


Free lime in portland cement. 
S. L. Meyers. Rock Products, Nov. 
23, 1929, V. 32, No. 24, p. 76-77.— 
Apparatus and method described to 
expedite and smplify usual ammonium 
acetate procedure. 


Tricalcium Aluminate. Rock Prod- 
ucts, Nov. 23.—Steel and Davey hold 
tricalcium-aluminate to be mixed oxide 
and not a salt, the original structure of 
neither oxide being retained. (cf. 
Jour. Amer. Chem. Soc., 1929, V. 51.)— 
J. J. LANDY 


Manufacture of lime and cement 
from gypsum. O. F. Honus. Rock 


Products, Nov. 23, 1929, V. 32, No. 24, 


p. 78-81, —European process patents 
reviewed. (cf. Zement (Germany) 
1929, V. 18, No. 37.—J. J. Lanpy 


Increasing the output of tube 
and compound mills. T. Trampr. 


ee 
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Rock Products, Nov. 23,1929, V. 32. 
No. 24, p. 82-83.—Changes in filling 
and balls in mills for grinding raw 
materials, coal and finished cement 
are given whereby efficiencies were 
raised.—J. J. LANDY 


Developing new sand and gravel 
deposits. Epmunp Suaw. Rock 
Products, Nov. 23, 1929, V. 32, No. 24. 
—A review of economics of new sand 
and gravel developments. (cf. J. R. 
Thoenen, Hconomic Paper No. 7 of the 
United States Bureau of Mines.) Re- 
port is for ordinary scale producer and 
discusses prices, prospecting, develop- 
ment, overburden, capital requirements 
and operating costs.—J. J. Lanpy 

Skin irritation among concrete 
workers. Rock Products, Nov. 23, 
1929, V. 32, No. 24, p. 99.—Causes in- 
clude exposure of skin to abrasive 
action of fine hard particles of cement 
and burning delicate skin by caustic 
solution formed by moisture and soluble 
lime in cement. Recommended pro- 
tective salve comprises 3 parts vaseline 
and 1 part lanoline to prevent skin from 
cracking.—J. J. LAnpy 


Portland cement output in Octo- 
ber 1929. Rock Products, Nov. 23, 
1929, V. 32, No. 24, p. 106.—Detailed 
statistics by U. S. Bureau of Mines 
covering stocks of finished cement, 
production and shipments from various 
mills in the United States. Production 
showed decrease of 4.6 per cent and 
shipments a decrease of 5.8 per cent as 
compared with Oct. 1928.—J. J. Lanpy 


PROPERTIES OF CONCRETE 


Compressive strength of slag con- 
crete. Pit and Quarry, Nov. 20, 1929, 
V. 19, No. 4, p. 95.—(cf. Symposium 
No. 18, Nat. Slag Association, Cleve- 
land, O.)—Some tests prove that slag 


- concrete has strength equal to gravel 


or limestone concrete. One authority 
states that it is superior due to angular 
shape, rough surfaces, cellular structure 
of slag. Researches of numerous insti- 
tutions are described. Slag-lime bricks 
are discussed, as also are slag 
mortar and lumnite cement concrete. 
One fact developed is that slag’s 
porosity removes water during the mix 
but yields this water subsequently 
during the curing. A chemical similar- 
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ity between slag and cement is believed 
favorable in the hardening. Density 
of slag aggregate has no effect on 
compressive strength of concrete.—A. J. 
Hoskin 


Compressive strength, density 
and the water-cement ratio of 
mortar and concrete. E. Surmnson. 
Beton Hisen (Germany) 1929, V. 28, 
397-402.—If the density of the mortar 
or concrete is the ratio of the volume 
occupied by the solids to the total 
volume, the compressive strength is 
proportional to some power of this 
density. This gives a more general 
relationship than referring to the water- 
cement ratio, which can be applied only 
to plastic concrete. The method used 
differs from previous work (Feret or 
Talbot and Richart) in that the speci- 
mens were allowed to settle before ob- 
serving the volume. The exponent 
does not seem to depend upon the 
method of storage of the specimens but 
does vary with different kinds of 
cement. Part of the reason for the in- 
crease in water requirement on adding 
coarse aggregate, lies in the boundary 
correction; in contact with the large 
surface the cement and fine aggregate 
do not pack as well, requiring water to 
fill the extra voids so produced. <A 
method of determining absorption of 
sand, consists in placing 100 g. in a 500 
ml. flask and adding 20 ml. gasoline 
and shaking thoroughly. Then NaCl 
soln. is added from a buret until the 
flask is filled to the mark, the soln., 
forcing any gasoline not absorbed by 
the sand up to the top. If the water- 
cement ratio varies from 0.3 to 0.7 the 
water in combination with the cement 
varies after 28 days from 18 to 25 per 
cent of the weight of the cement.— 
F. O. ANDEREGG 


Experience in the physical and 
chemical examination of concrete. 
Discussion of Mr. Worsdale’s paper. 
H. G. Luoyp anp Oruers. Structural 
Engineer, (England) Nov. 1929, V. 7, 
No. 11, 419-423.—H. G. Lloyd pointed 
out advisability of using a cap of very 
thin neat plaster on compression cubes 
and questioned uniformity of method 
of filling molds and uniformity of 
testing speeds used in different labora- 
tories. He stated that stone dust when 
mixed with cement and tested gave 
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different results than when it remained 
to be mixed with the aggregates. 
Harry Jackson was interested in the 
finding that the amount of water re- 
quired permanently in concrete, in 
order to get the full set of cement, was 
in the neighborhood of 14 per cent. 
H. A. Holt pointed out that different 
stone dusts affected concrete differ- 
ently, and also that he had been able to 
increase the strength of mortar 11 per 
cent by eliminating all material be- 
tween the 75 in. and the 50 mesh 
screens E. S. Andrews stated that a 
previous report had found 100 per cent 
variation in strength reported on 
identical cubes tested by various 
laboratories. S. Bylander pointed out 
the effect of dust in causing horizontal 
separation planes. Mr. Worsdale in 
his reply touched upon all the points 
discussed by the contributors.—V. P. 
JENSEN 


A mathematical method of pro- 
portioning. Josmpu A. Kirrs. Con- 
crete, Nov. 1929, V. 35, No. 5, p. 33.— 
Tables have been worked out covering 
constants for determining cement con- 
tent for any compressive strength for a 
given maximum size of aggregate and 
slump of concrete, characteristics of 
job aggregates, and theoretical grad- 
ings of aggregates, as a part of a 
mathematical basis of proportioning. 
—C. BACHMANN 


A substitute for the compres- 
sion test of concrete. GrorGE J. 
GRIESENAUER. Eng. News-Record, 
Nov. 28, 1929, V. 103, No. 22, p. 846- 
847.—In connection with railway struc- 
tures a method was used for deter- 
mining the composition and quality of 
concrete while in its plastic state by 
‘anscrambling”’ to check actual com- 
position against contract specifications 
and calculated strengths against results 
obtained with test cylinders made at 
time concrete was placed. The 
analysis is made before concrete 
hardens, by washing cement from a 
weighed sample of the mix, drying, 
pulverizing and sifting. Dried sand 
and gravel are screened and weights of 
the three materials accurately de- 
termined. Weight of original water 
content of sample is found by sub- 
traction. Analysis values are reduced 


to basis of one sack of cement and 
strength as determined from Abrams’ 
curve for W/C ratio found by the 
analysis is checked against the actual 
test values. An illustrative case is 
worked out and followed by table 
comparing strengths by test with 
values determined by analysis.—D. F. 
JENNINGS 


Properties of cements at different 
consistencies of mortar and con- 
crete. (See MATERIALS.) 


Powdered admixtures in con- 
crete. (See MATERIALS.) 


The influence of magnesium 
fluosilicate on portland cement. 
(See MaTERIALS. ) 


ENGINEERING DESIGN 


Classification, selection and adap- 
tation of high dams. D.C. Henny. 
Proc. Am. Soc. Civil Eng., Nov. 1929, 
V. 55, No. 9, p. 2827-36.—Because of 
tendency to build dams of ever-in- 
creasing height, foundation require- 
ments, conditions limiting height, and 
sources of danger become increasingly 
important. Leading dams of various 
types and their height are mentioned in 
the paper. The complete rejection of a 
dam site is usually based upon eco- 
nomical considerations since there are 
few sites upon which some form of safe 
dam could not be built. Masonry 
dams because of their rigidity make 
greater demands upon the foundation 
than do the relatively flexible earth and 
rock-fill dams. Increased height will 
necessitate added care in the selection 
of sites and the use of stronger mixtures 
and higher design stresses. Possibilities 
are not exhausted in either field. Other 
requirements are water tightness of 
foundation and structure. The latter 
can be controlled by the richer mixtures 
and care in bonding but the foundation 
is least under control and is likely to be 
the element that will fix the safe limit 
of height. Compared with a gravity 
section, the buttress type (multiple 
arch, multiple dome, or Ambursen 
type) taxes the foundation much less. 
Foundation pressures and uplift can be 
more easily controlled. Foundation 
tightness requirements are about the 
same as for the gravity dam. Thesingle 
arch dam is limited to narrow rock walled 
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sites. Secondary tensile and com- 
pressive stresses at the base are some- 
times difficult to control. The intro- 
duction of horizontal expansion joints, 
reinforcement where needed, or the 
dome principle have been used or 
suggested. Because of the stress effect 
that results from a slight yielding of the 
abutments the arch dam makes greater 
demands upon them. The results from 
the Stevenson Creek Test Dam and 
from model tests (cf. Proc. Am. Soc. 
Civil Hng., May 1928, Part 3) have 
contributed to a better design under- 
standing of the arch dam. The danger 
of damage from fiood overflow is not 
usually great for a masonry dam and is 
less for the arch than for other types 
because of its decreased dependence 
upon toe stability. Very severe earth- 
quake shocks have been borne by 
nearly all types of dams but the arch 
gravity masonry dam is deemed safest. 
Dams across faults require special 
consideration. Shrinkage cracks from 
cooling are common in concrete dams. 
The temperature range from setting 
heat is 30°F. or more while 5°F. will 
stress concrete to over 150 lb. per sq. 
in. in tension. Drying out also causes 
shrinkage. In gravity dams transverse 
cracks are usually offset in part by 
introducing contraction joints.. Cracks 
parallel to the axis whether in the mass 
of a gravity dam or in the buttresses of 
other types are likely to be close to the 
direction of maximum shear and may 
also become equivalent to a dangerous 
narrowing of base or section width. 
In buttresses it is often possible to in- 
troduce sufficient reinforcement to pre- 
vent such cracks, but this would be 
very costly in gravity dams. Shrinkage 
cracking can be lessened by giving the 
concrete more opportunity to dissipate 
its chemical heat by slowing down the 
rate of concreting, pouring in thinner 
lifts (4 ft. or less), keeping the concrete 
wet between pours, and sometimes by 
precooling the mixing water and ag- 
gregate. If the dam is kept at about 
the same elevation over its length, ex- 
pansion and therefore the ultimate 
shrinkage will be held down by longi- 
tudinal thrust. While not a great deal 
is known about the extent or distribu- 
tion of uplift, in masonry dams, the 
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usual precautionary measures should 
be taken. Tension in the foundation at 
the heel has had little attention. It 
increases with the height of dam, how- 
ever, and will probably require pre- 
cautionary measures such as the placing 
of a triangular body of plastic clay 
upstream along the heel.—H. J. 
GILKEY 


The new waterworks of the city 
of Prague. F. Kioxner, Em. Snizex 
AND B. Hacar. Beton Hisen (Germany) 
1929, V. 28, 389-96.—General descrip- 
tion.—F. O. ANDEREGG 


Handbuch fur Eisenbetonbau. 
(Germany): Wilhelm Ernst & Son. 
R. M. 6.80. Reviewed in Zement 
(Germany) 1929, V. 18, p. 13814.—A. 
E. Brerriicn 


Concrete reservoirs and tanks. 
Concrete Constr. Hng. (England), Nov. 
1929, V. 24, No. ll, p. 653-658.— 
Principles of design of open and covered 
reservoirs and tanks are given. The 
design of side walls is treated by the 
usual methods used in retaining wall 
design. Special conditions are stated 
for tanks of different shapes.—F. E. 
RICHART 


Reinforced concrete warehouse 
at Bethnal Green. Concrete Constr. 
Eng. (England), Nov. 1929, V. 24, No. 
11, p. 653-658.—The new 7-story dairy 
warehouse building at Bethnal Green is 
built of reinforced concrete throughout. 
The floors were designed for loads of 2, 
3, and 4 ewt. per sq. ft. The column 
spacing is 26 ft. in both directions. 
Beams and girders serve to cut the 
floor slabs into panels 13 ft. square. 
The design includes cantilever footings 
at junction with adjacent building and 
heavy shear reinforcement in beams 
carrying heavy floor loads. Special 
truck loading platforms or docks .are 
provided at the ends of the building. 
The exterior of the building which is: 
entirely of concrete cast in place, pre- 
sents a striking and pleasing appear- 
ance.—F. E. Ricuarr 


Reinforced concrete design sim- 
plified. Jas. R. Grirrira. Concrete, 
Dec. 1929, V. 35, No. 6, p. 87.—Chart 
FE, covers the design of web reinforcing. 
It is another one of the series which are 
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now based on the A. C. I. building code. 
(cf. Tentative building regulations for 
reinforced concrete, Proc. Am. Con- 
crete Inst., 1928, V. 24, p. 791.—C. 
BACHMANN 


Notes on the foundations of a 
new Thames-side warehouse. T. F. 
Burns. Structural Engineer, (England) 
Nov. 1929, V. 99, No. 2, p. 431-440.— 
Warehouse for Messrs. Oxo, Ltd. at 

Blackfriars utilized a portion of the old 
G. P. O. Power Station which was 
demolished. F ootings embodied follow- 
ing features: (1) combined trapezoidal 
footing consisting of an inverted re- 
inforced T-beam to carry interior and 
exterior columns, (2) combined footing 
at corner of site consisting of an in- 
verted T-beam and an L-beam con- 
nected by two stablising beams (part of 
computations given for this case), (3) 
a series of cantilever beams 4 ft. 3 in. 
wide by 5 ft. deep carrying columns at 
the ends and having an interior fulerum 
support of an inverted T-beam running 
beneath the existing concrete floor, (4) 
a continuous beam over seven old bases 
with the ends cantilevered and with the 
beam carried down to firm bearing be- 
tween the old bases by means of an 
inverted T-section, (5) addition to old 
mass footings by adding a block along- 
side them, (6) new footings adjacent to 
old ones in which bonding was provided 
for by hacking, wetting, and grouting, 
and in which freedom of movement was 
provided for by the use of clay joints. 
A resume is given of the problem of 
proper consistency.—V. P. JENSEN 


Notes on concrete arch of un- 
usual design; aids highway re- 
location. D. M. McPurrres. Eng. 
News-Record, Nov. 21, 1929, V. 103, 
No. 21, p. 815-816.—Highway bridge 
recently completed by Santa Cruz 
County, California, employs wide arch 
ribs eccentrically loaded to support 
spandrel columns on curve. New 
bridge is 326 ft. long, curved to a 
center line radius of 400 ft. Main span 
consists of a 123 ft. two-ribbed spandrel 
arch. Two ribs, 23 ft. 9 in. center to 
center, 214 ft. deep at crown, are 7 ft. 
wide in order to provide for the curved 
alignment of super structure columns. 
The two-column bents are spaced at 15 


ft. centers, are all parallel, and are at 
right angles to the center line between 
the arch ribs. The outside faces of all 
columns, are parallel to and 13 ft. from 
the roadway center line curve. This 
design feature was adopted instead of a 
structure with columns in a straight 
line and with sidewalk brackets of 
varying length, because of the better 
appearance ‘of uniform overhang. The 
deck has a 24 ft. roadway with a super- 
elevation of 2 ft. and two 4% ft. side- 
walks. The height of roadway above 
stream bed is 72 ft. The arch has a 
clear rise of 38 ft. 6 in.—N. H. Roy 


Notes on precast concrete bridge 
railing; design allows future shift. 
Eng. News Record, Nov. 28, 1929, V. 
103, No. 22, p. 847.—Design by the 
California Division of Highways allows 
for future widening of roadway. The 
present highway bridge over the Salinas 
River consists of ten 100-ft. steel deck 
spans and 17 reinforced concrete spans 
37 ft. long, all 24 ft. wide between 
curbs. Design provides for future 5 ft. 
cantilever section to be added on each 
side. This necessitated a movable 
railing. A railing was designed for 
1000 lb. per lineal foot impact, to be 
used on steel spans as well as on con- 
crete spans. It has an L-shaped base 
that provides the curb, and place for 
anchor bolts. Alignment of railing at 
edge of slab will be made with cast iron 
wedges driven under the base in wedge 
pockets and grouted in. Grout holes 
in base permit grouting between base 
and slab. Four bolt holes in the sides 
of the base of each 10-ft. section of 
railing permit anchorage to slab. One 
drainage hole under the edge or curb 
portion of rail and through the slab is 
provided every 20 ft. To widen the 
bridge, 5 ft. cantilever splices will be 
added to floor beams on each side, new 
slab will be poured, and railings moved 
over 5 ft. and fastened as before, all 
without interruption to traffic. The 
design was prepared in the office of C. 
E. Andrew, Bridge Engineer, Division 
of Highways, California Department 
of Public Works.—N. H. Roy 


Building high-head siphons on 
the Yakima project. Hng. News 
Record, Nov. 14, 1929, V. 108, No. 20, 
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p. 763-765.—A part of the construction 
program being carried out by the U.S. 
Bureau of Reclamation on the Yakima 
Project consists of the building of 25 
inverted siphons 11 of which are re- 
quired in the 26-mile main canal of the 
Kittitas division. The large size of the 
canal and the irregular topography 
made it desirable to cross the water- 
ways with inverted siphons instead of 
continuing on grade around them. The 
siphons are about 12 ft. in diameter and 
are cast as monolithic reinforced con- 
crete. One of these is subject to a head 
of 153 ft. For that portion of the 
barrel subject to less than 100 ft. of 
head a 1:2:3.25 mix with 114 per cent 
admixture of diatomaceous silica was 
used. For barrels subject to heads in 
excess of 100 ft. a 1:1.7:2.8 mix without 
any admixture was used. It was found 
by experiment that the addition of 
diatomaceous silica to the leaner con- 
cretes resulted in a marked improve- 
ment in workability and permeability 
but did not improve the richer mixes. 
The inner form used in the construction 
of the barrel resembled a wood stave 
pipe and was supported by steel bars 
projecting from concrete piers spaced 
on 8 ft. centers. This was necessary 
because ties were not permitted to pass 
through the shell. Great care was given 
to the construction of joints between 
successive pours. All joints were 
normal to the axis of the barrel thus 
requiring the use of bulkhead forms 
between the inner and outer barrel. 
Each joint was provided with a copper 
water stop having a 14 in. crimp to 
allow for expansion and contraction of 
the jomt. The copper strips. were 
coated with an emulsion of asphalt in 
water to prevent leakage along the line 
of contact between concrete and copper. 
The joints occur at intervals of about 
30 ft., an average day’s pour.—D. HE. 
LARSON 


Lining canals with concrete on 
the Yakima project. Hng. News 
Record, Nov. 7, 1929, V. 103, No. 19, 
p. 722-725.—One of the major prob- 
lems encountered in the construction 
of the Kittitas Canal of the Yakima 
Project of the U. 8. Bureau of reclama- 
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tion was that of providing drainage for 
the 13 miles of concrete lined section. 
Longitudinal drains of bell-and-spigot 
clay or concrete pipe covered with 
gravel were laid with open joints and 
vented through outlets at intervals of 
300 to 800 ft. The joints of the outlets 
passing through the lower canal bank 
were cemented. Provision for diverting 
surface water was made by sinking cut- 
off walls in the swales above the canal 
and constructing concrete troughs to 
discharge the water over the lining into 
the canal. In spite of these precautions, 
groundwater pressure sufficient to 
crack the concrete developed in some 
places and had to be relieved by weep 
holes. These consisted of pipes grouted 
into the lining and threaded for capping 
when the canal is filled. The form used 
for placing concrete on the side slopes 
of the canal was a steel panel 314 ft. by 
14 ft. supported at each end by light 
steel trusses in such a manner that it 
could be moved up or down the slope as 
the work progressed. A crew of three 
men working on this panel tamped the 
concrete into place beneath it and 
moved it when necessary. The proper 
thickness of concrete was secured by 
adjusting the jacks at the ends of the 
trusses. Method of tamping was found 
to be highly satisfactory, particularly 
because of greater degree of imper- 
meability thus secured.—D. E. Larson 


Notes on rational design of con- 
crete. Ary F. Torres. Polytech. 
School of Sao Paulo, Brazil. Bull. No. 
3 Materials Testing Laboratory, (Brazil) 
June 1929, 32 pages.—Investigations 
on plain concrete were made by 
this laboratory from 1926 to 1929 
and information presented in a 
paper before the Second Pan-American 
Highway Congress. Many of the 
factors affecting concrete and its design 
are discussed under the following head- 
ings: (1) empirical methods, (2) 
rational design, (3) strength of paste, 
or neat cement, and method of ob- 
taining any desired strength, (4) 
strength of concrete, (5) plasticity of 
concrete and how to control it, (6) a 
rational method of design of concrete 
mixes evolved from laboratory experi- 
ments and from practical applications 
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by cooperating constructors of Brazil, 
(7) numerical examples illustrating this 
proposed design of mixes. Reference 
is made to the work of Abrams, Graf, 
McMillan and others. The ‘Rational 
Design of Concrete” is executed in the 
following manner: The desired strength 
is chosen and increased 10 per cent to 
cover variations in the strength of 
cement, and the water-cement ratio is 
read from an experimental curve. A 
tentative choice of m (weight of mortar 
per kilo of cement) is made. A value of 
n is chosen, where n is the ratio of 
weight of coarse aggregate mortar 
(apparently meaning a mixture of 
coarse ageregate, cement and water) to 
weight of fine aggregate mortar. With 
these values of m and n, the weight of 
sand is found from another diagram, 
thus determining tentative proportions. 
Moisture contents of the sand and 
gravel are determined by Chapman’s 
method, and used to correct the weights 
of materials in the tentative design. If 
this tentative design is not workable, 
the values of m and 7 only are varied 
until a workable mix is obtained. The 
new idea in this method of design is the 
employment of a chart showing the re- 
lation between weight of sand and 
weight of mortar, for given values of 
the ratio of “coarse aggregate mortar” 
to fine aggregate mortar. Ten figures 
are given in the bulletin, three of which 
are used in design. These show: (1) 
Relation between the moisture content 
of sand and its own change in volume, 
(2) Strength of concrete (or of neat 
cement paste) as a function of the 
volume of water per kilo of cement, (3) 
Strength of concrete as a function of 
age, (4) Ratio of weight of sand to 
weight of mortar for various ratios of 
weight of coarse aggregate mortar to 
weight of fine aggregate mortar, and 
(5) A nomographic chart showing 
water-cement ratio, ratio of weight of 
mortar to weight of cement, and weight 
of cement per cubic meter of concrete. 
Translated from Portugese.—N. H. 
Roy 


Details of steel cores for rein- 
forced concrete columns. FRANK 
A. Ranpauy. Concrete, Noy. 1929, V. 
35, No. 5, p. 13.—Column cores of H- 
section are invariably used. As the 


column load increases heavier sections 
are employed, but of the same nominal 
size, so that the outside dimensions of 
the concrete encasing may remain 
practically unchanged. In the typical 
column base the base plate consists of a 
square of rectangular steel plate set on 
cement grout approximately one in. 
thick. The area of the base plate, in 
sq. in., is obtained by dividing the 
column loads (in lb.) by-600. The end 
of the steel H-section is milled and is 
fastened to the plate by two angles. 
Four anchor bolts are provided, ex- 
tending from 24 to 30 in. into the con- 
crete pedestal. Aside from the anchor 
bolts there is no other connection be- 
tween the column and the base plate. 
In wall columns and corner columns 
two straight bars in the top and in the 
bottom of wall girders are used. The 
two top bars are passed through the 
two upper holes in the steel column 
section, while the bars from the op- 
posite direction are passed outside the 
steel column section. The two straight 
bars in the bottom of the wall girder are 
passed through the two lower holes, and 
the straight bars from the opposite 
girders are passed along the side of the 
steel section.—C. BacHMANN 


Form work details for flush beam 
jobs. (See Firrp Construction.) 


Why joints inconcrete pavements. 
(Snp Fimtp ConsTRuUCcTION) 


ARCHITECTURAL DESIGN 


Modernism in the Alps. Architect 
and Building News (England), Nov. 1 
1929, V. 61, No. 11, p. 537-541.—Two 
new concrete hotels in Murren, Switzer- 
land, the work of Arnold Jtten, Archi- 
tect, are featured. These hostelries 
attempt to solve the hotel problem and 
do not attempt “to produce beauty for 
its own sake, but as the outcome of a 
comprehensive study of this particular 
problem. These hotels, with their clear 
bright interiors, their sunny rooms, and 
wide balconies, their furniture with 
smooth surfaces and simple profiles, are 
not forbidding or unhomelike. They 
have an aesthetic attraction of their 
own; they produce the not unpleasing 
impression of kinship with the yacht or 
the limousine. Above all, their archi- 
tecture is free from triviality.”— 
Rexrorp NEwcomsB 
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Cooling towers. Architects’ Journal 
(England), Nov. 6, 1929, V. 70, No. 
1816.—Frontispiece shows the concrete 
cooling towers of the New Birmingham 
Power Station. Constructed through- 
out of concrete, 168 ft. in diameter and 
210 ft. high, they have the form of great 
concave truncated cones. They are 
representative of the varied functional 
forms that are creating a new spirit in 
architecture.—Rrexrorp NEWcoMB 


Oak Hill mausoleum, San Jose, 
California. ALBERT F. Rowumr. 
Architect and Engineer, Nov. 1929, V. 
99, No. 2, p. 51-53.—The building is of 
heavy reinforced concrete construction. 
The main walls, floors, and roof were 
designed independent of the crypt 
structures within. The crypt blocs are 
supported on footings separate from 
the building foundations and every 
attention was given by H. J. Brunnier 
in the structural design to make the 
crypts as secure as possible from any 
damage by earthquakes or by the 
elements. No wood was employed in 
the permanent construction of the 
building and wherever exposed metals 
were found necessary, only copper or 
bronze was used. The building, of 
Romanesque influence, 1s approached 
by wide level roadways through at- 
tractive plantings. On entering one 
passes through a rotunda 30 ft. in 
diameter and 52 ft. high, dedicated as a 
chapel where committal services may 
be held. The exterior of the building is 
executed in cast stone and cement 
plaster. The niche rooms on the 
columbarium floor encircling the ro- 
tunda are clad in marble and the niches 
constructed of cast concrete are faced 
with marble and plate glass set in 
frames of cast bronze. A constant 
circulation of fresh air has been pro- 
vided for each individual crypt by 
means of a 134-in. inlet at the bottom 
of one end of the crypt and the same 
size outlet at the top at the opposite 
end. These vent pipes were cast into 
the reinforced concrete crypt walls, the 
inlets extending 6 in. be!ow the bottom 
of the floor beams and pulling air from 
the excavated area under the building. 
The outlets extend into a plenum 
chamber formed by the space between 
the top of the crypt tiers and the roof 
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slab and from which the air is drawn by 
suction ventilators-—Rrexrorp Nrw- 
COMB 


Los Angeles power and light 
plants. Frep L. Roruria. Architect 
and Engineer, Nov. 1929, V. 99, No. 2, 
p. 75-76.—The city of Los Angeles 
possesses the largest municipally owned 
electric utility in the United States; and 
moreover the city’s electrical equip- 
ment is housed in structures befitting 
the pride manifested in her churches, 
libraries, and other civic buildings. 
Apparently it has been the aim of the 
Department to make its buildings not 
merely a housing for electrical eauip- 
ment, but that they shall have an 
architectural expression of dignity and 
repose in keeping with their function, 
and at the same time be an aesthetic 
asset to the neighborhood in which they 
stand. To this end the Department 
has selected designs of simple Jines, 
good proportions and employing only 
one constructive principle of square 
headed openings. Construction of 
these buildings is reinforced concrete 
walls and floor slabs, or steel frames 
enclosed in brick-work. The exterior 
of San Francisquito Power Plant No. 2, 
a hydro-electric generating station 43 
miles north of Los Angeles, recently 
finished, is designed along lines showing 
a vertical treatment accentuated with 
bold ornament in keeping with the 
ruggedness of the canyon in which the 
building stands. The plan of station 
B, a receiving station is such as to call 
for an exterior of horizontal masses. 
The walls are dressed with a surface 
erinder, still leaving the form marks to 
give surface texture.—Ruxrorp Nrw- 
COMB 


Finished concrete surfaces. Ar- 
chitectural Forum, Nov. 1929, V. 51, 
No. 5, p. 578-80.—The finishing of con- 
erete surfaces falls naturally into two 
classes: (1) for wearing surfaces and, 
(2) for all other exposed areas. Each 
may be of character, composition, 
texture and color to suit the usage or 
purpose for which it is intended, or to 
satisfy the idea of the designer. There 
appears to be an increasing use of 
monolithic surfaces . many archi- 
tects even leaving the concrete entirely 
untouched, after the forms are re- 
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moved. When this course is to be 
taken, one must make sure that the 
form work is in exact shape to produce 
the desired results, especially that the 
lines of demarcation between successive 
pourings do not appear in undesirable 
places. Sometimes false joints are 
called for, and strips are nailed inside 
of the forms to produce such an effect. 
All construction joints should then be 
made to occur at these strips and are 
thus rendered invisible in the finished 
work. This is really imitation stone, 
not often called for. Such design is 
more frequently executed in pre-cast 
blocks. Although the use of exposed 
concrete surfaces is apparently in- 
creasing, there are still many designers 
who specify the application of cement 
plaster or stucco to the rough concrete, 
especially if some unusual color or 
texture is sought. The chief objection 
to exterior plastering on concrete is the 
prerequisite of extreme care and expert 
workmanship, lacking which the finished 
material may soon show fine cracks and 
eventually spall off. This is especially 
true where it is subjected to freezing. 
Since exterior stucco is chiefly used as a 
cheap covering for tile walls and their 
imitation done in lath and studding, it 
would appear to be wasted in the 
disguise of more permanent construc- 


tion. Ornament and run-molds, fre- 
quently used in connection with 
exterior plastering need very close 


supervision, whether pre-cast or worked 
in place. Ornament cast in place de- 
mands the most careful manipulation of 
the flux in the forms, use of all-coarser 
ageregate being entirely eliminated. 
The “waste molds,” in which the actual 
ornament is formed, are first submitted 
for approval, and hence one is there- 
after concerned only in the mechanical 
process of filling the forms.—REXxFoRD 
NrEwcomsB 


Catalog, British Portland Cement 
Association, Ltd. Architectural Re- 
view (England), Nov. 1929, V. 66, No. 
396, p. 76—Durmg the last decade 
great advances have been made in con- 
crete construction. America has led 
the way. The new catalog of the 
British Portland Cement Association, 
Ltd., by picturing buildings in America 
shows how. American architects are 
taking advantage of the great possibili- 


Tilustrations show 
buildings in California, where the 
architecture is Spanish in type. Per- 
haps the most striking among the 
illustrations of the varied adaptations 
of concrete are those which show its use 
in ornamentation. These molded 
decorations, after the first reproduction 
from the molding, can be repeated at so 
low a cost that they no longer represent 
a very expensive item, a fact of which 
the American architects appear to have 
availed themselves. [Illustrated by: 
Elk’s Club, Los Angeles, Curlett and 
Beelman, Architects, and Beverly 
Professional Building, Beverly Hills, 
Harry E. Werner, Architect.—REx- 
FrorD NEWwcoMB 


ties of concrete. 
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Form work details for flush beam 
jobs. C. W. ExiswortH anp H. 8. 
Ketter. Concrete, Nov. 1929, Vol. 35, 
No. 5, p. 21.—The bottom of the beam 
is at the same elevation as the bottom 
of the floor joists. The ribbed floor was 
12 in. plus 2% in., making beams 144% 
in. deep. Because all the beams were 
141% in. deep, all the shores were of 
uniform length. In erecting forms, 
procedure was as follows: First, the 
shores were erected and 2 by 10 in. 
stringers spiked to them. With the 
exception of a few bays the joists ran at 
right angles to the longest side of the 
building and these joists were carried 
continuously through all the bays where 
the joists were parallel. There were no 
beam sides as the ends or sides of the 
pans formed the beam, as the case 
might be.-—C. BAacHMANN 


Repairing floor finish. Concrete, 
Nov. 1929, V. 35, No. 5, p. 27.—Cracks 
in concrete floor finishes may be classi- 
fied under two headings: (1) Cracks 
originating in the base and extending 
through the finish, commonly called 
structural cracks. (2) Cracks confined 
to the finish layer, further divided into 
(a) cracks extending through the full 
thickness of the topping, and (b) those 
of a superficial nature, ordinarily called 
hair cracks, or crazing.- Chipping off 
defective topping should be carefully 
done with pneumatic tools or by hand, 
and the entire area should be removed 
until clean, sound concrete is exposed. 


roe 
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Depth should never be less than one 
inch. Feathered edges should be 
avoided and the fuil depth of the 
chipped area maintained up to the 
point where it joins with the sound 
topping. Patches should be protected 
until they have been thoroughly 
hardened and cured.—C, BACHMANN 


Concrete mixing plant erected 
for use during erection of power 
house. F. A. Westsroox. Pit and 
Quarry, Nov. 20, 1929, V. 19, No. 4, 
p. 58.—Central concrete-mixing plant 
(described) was erected for temporary 
use by New York Edison Co. in New 
York, N. Y. Equipment operated 
night and day for more than one year 
with very little wear.—A. J. Hoskin 


Albany Trucking Corp. central 
mixing plant at capacity in first 
year of operation. Pit and Quarry, 
Nov. 20, 1929, V. 19, No. 4, p. 79.— 
Sand and gravel, purchased from a 
neighboring producer, received by 
trucks which dump materials into a 
hopper feeding an inclined belt con- 
veyor to top of the plant and are 
diverted, as desired, into four compart- 
ments of a steel bin. Crushed stone is 
received by rail, dumped through track 
and three gates to another inclined belt 
conveyor which discharges to a bucket 
elevator to the steel bin. Compart- 
ments of the bin contain #s-in. to l-in. 
gravel, l-in. to 2-in. gravel, crushed 
stone and sand. Cement is received in 
bulk in box-cars, and is unloaded by 
power scraper to the hopper of a 
pneumatic conveying system whose 
4-in. pipe leads to a large steel bin be- 
side the aggregates bin. Compart- 
ments in this bin enable the use of three 
different brands of cement to meet 
varying specifications. Aggregates dis- 
charge from the bin compartments to a 
three-beam weighing hopper with dial 
index. Cement discharges similarly in 
a weighing batcher with a two-beam 
scale and dial. Water is metered into 
an open-top tank. Aggregate, cement 
and water enter a 3-cu. yd. mixer and 
the mixing is timed by a batchmeter set 
at 2 min. 10 sec. Allowing for closure 
of all gates, this assures a full 2-min. 
mix. A spotlight plays in the mixer to 
permit the operator clear view. Con- 
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crete is delivered by trucks with 
agitator bodies. A high-lift hoist as- 
sures a quick discharge. Average haul 
is 36-mi. All plant machinery is 
electrically driven.—A. J. Hosx1n 


Lac Seul conservation dam, Ear 
Falls. T. H. Hoge. Can. Eng., Nov. 
5, 1929, V. 57, No. 19, p. 684.—Con- 
crete dam of concrete piers and deck 
with 20 stop log sluices, built in 1928 
on the English River below the outlet 
of Lae Seul by the Ontario and Mani- 
toba governments. Maximum height 
of dam is 40 ft. Main piers 7 ft. wide 
for deep section and 5 ft. for shallower. 
Deck is of reinforced concrete 26 ft. 
wide.—C. R. Youne 


New underground railway offices, 
St. James Park. Notes on founda- 
tions and erection. M. J. McCarrny. 
Structural Engineer, (England) Nov. 
1929, V.7, No. 11, p. 403-418.—Founda- 
tions of new building of the Under- 
ground Railway Headquarters in Lon- 
don were featured, among other things, 
by the use of 700 Vibro cast-in-place 
concrete piles averaging about 30 ft. 
long. The method and order of driving 
are given together with the method 
used in computing the estimated ulti- 
mate driving resistance of individual 
piles, the computations inyolving the 
use of a driving resistance curve. The 
specified maximum safe load for each 
pile was 50 tons with a margin of 
safety between 3 and 4. Concrete for 
the piles was of 1:2:4 mix for which 
Ferrocrete, the rapid-hardening p. c. 
was used. Details of the capping for 
supporting loads of 250 and 800 tons 
are shown. Two guy derricks were 
used to considerable advantage in 
erecting the steel frame work of the 
building. A single Insley mast plant 
was used for placing concrete in walls 
and floors. A mixer of 44 yd. capacity, 
on the ground leyel, discharged into a 
bucket which was then hoisted and 
automatically discharged upon reaching 
the head frame into a 30-ft. chute. 
Thence from the chute the concrete was 
led into receiving hoppers of 30 cu. ft. 
capacity on the various floors. Con- 
crete was discharged into 6-cu. ft. two- 
wheeled handcarts for distribution.— 
VY. P. JENSEN 
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Mixer truck for premix concrete 
and concrete aggregates. Rock 
Products, Nov. 9, 1929, V. 32, No. 23, 
p. 106.—Stepanian mixer for mixing 
aggregates and water in transit or at 
destination or for carrying premix con- 
crete described. Equipment includes 
belt conveyor and chute, adjustable to 
discharge at different heights.—J. J. 
LANDY 


Metropolitan Boston’s first ready - 
mixed concrete plant. M. N. Crarr. 
Rock Products, Nov. 9, 1929, V. 32, No. 
23, p. 107—Details of design and 
operation; description of equipment; 
printed forms for deliveries and records; 
and schedule of prices. Quality control 
plan given and some unusual data on 
special batch-mixing.—J. J. LAnpy 


The Olympia extensions. Visit 
of the members of the institution. 
Structural Engineer, (England) Nov. 
1929, V. 7, No. 11, p. 427-430.—Joseph 
Emberton, architect of the new building 
under construction, was permitted to 
exercise his views concerning simplicity 
and truthfulness in architectural treat- 
ment. Since speed is the essence of the 
work, a number of engineering firms 
have been carrying out the fabrication. 
A record for the country was sent by 
the erection of 5000 tons of steel in 10 
weeks. Main columns are made up of 
triple I-beams with wide flange plates 
and having heavy flats riveted to the 
webs. Girders are built-up plates and 
angles. Hollow reinforced concrete 
beams span between the steel joists.— 
V. P. JENSEN 


The Denham-Rickmansworth 
main road. Concrete Constr. Eng., 
(England) Nov. 1929, V. 24, No. 11, p. 
653-658.—Construction was begun 
near Denham in May, 1927. The road 
is 214 miles long and 30 ft. wide be- 
tween curbs. A foundation of 4 in. of 
clinker and 2 in. of gravel was used 
under the 8-in. two-course plain con- 
crete slab. The bottom course consists 
of 6% in. of 1:2:4 concrete, made with 
rapid hardening portland cement and 
2-in. coarse aggregate. The second 
course was 11% in. of 1:1 14:3 concrete, 
made with %4-in. granite coarse ag- 
gregate. The curbs were precast, laid 
on a plain concrete bed. Longitudinal 
tongue and groove joints were used, 


also transverse joints. For the lower 
course the materials were transported 
to the mixer by industrial railway. 
The mixer, of 12-8 cu. ft. capacity, was 
mounted on a track and pulled along 
the subgrade by means of a gasoline 
winch. The mixer discharged into a 
side dumping bucket mounted on rails 
which extended across the half-width 
of road being poured. The average rate 
of concreting was 400 sq. yds. per 8-hr. 
day; the maximum, 600. Seventy men 
were employed on the work. Hand 
tamping and finishing methods were 
used. At the end of a day’s work, the 
concrete was covered with canvas, kept 
wet until morning. The surface was 
then covered with sand. Before open- 
ing to traffic it was treated with sodium 
silicate. —F’. HE. Ricuart 

Foundations for flats at West- 
minster. Concrete Constr. Eng. 
(England), Nov. 1929, V. 24, No. 11, 
p. 639-41.—Pile foundations extending 
through loose fill into blue clay were 
used in 5-story flat buildings at West- 
minster. Four hundred thirty-three 
“Simplex” reinforced concrete piles, 16 
in. in diameter and averaging 34 ft. 6 
in. long, were used. The building walls 
were supported on reinforced concrete 
beams spanning between the piles.— 
F. E. Richart 


Reinforced concrete reservoir at 
Barnet. Concrete Constr. Eng. (Eng- 
land), Nov. 1929, V. 24, No. 11, p. 
643-6.—The new 5-million gallon reser- 
voir for Barnet district is a combination 
of reinforced and mass concrete. It is 
nearly square, 290 ft. long and from 236 
to 266 ft. wide, with provision for 12- 
ft. depth of water. The roof slabs, 
beams, columns, floor and wall founda- 
tions are reinforced; the walls, which 
vary in thickness from 7 ft. at bottom 
to 214 ft. at top are 1:3:6 mass con- 
crete. Rapid hardening cement was 
used and Blawforms were employed in 
pouring the walls.—F’. EB. Rrcwarr 

Sewage disposal tanks at Luton. 
Concrete Constr. Hing. (England), Nov. 
1929, V. 24, No. 11, p. 647-651.—Six 
new settling tanks, 50 ft. square, have 
been added to the sewage disposal 
works of the Borough of Luton. The 
upper part of each tank is of reinforced 
concrete, the vertical walls being 8 in. 
thick. The pyramidal bottoms of the 
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tanks, resting on chalk, are not rein- 
forced. Reinforced baffle walls, 13 ft. 
square and 4 in. thick are used in each 
tank. Metal forms were used in most 
of the work. The concrete was of 
proportions 1:6, using rapid hardening 
cement. Reinforcement was of mild 
steel. The concrete was poured in 6 
ft. lifts —F. E. Ricnartr 


Construction of the James River 
bridge project. R. C. Witson Anp 
Herpert B. Porr, Proc. Am. Soc. 
Cwil Engr., Nov. 1929, V. 55, No. 9, p. 
2357-74.—This $6,000,000 toll project, 
built in 1928, consisting of three bridges 
totaling 5 2/3 miles in length and 11 
miles of concrete approach highways, 
eliminates detours and ferries for north 
and south travel through Norfolk, Va. 
The largest bridge, crossing the James 
River near Newport News, is 414 miles 
long. The unigue features were the 
casting, handling and driving of large 
concrete piles and load tests on piles 
which did not drive to refusal. Largest 
piles were 115 ft. long, 24 in. square and 
weighed over 35 tons each. With a 
penetration of 90 ft. of soft clay many 
of them did not drive to refusal and 


tests were made on these. The gripping 


power of the clay became very great 
and piles that by penetration formulas 
were good for but 18 to 20 tons, 
actually carried 90 tons without settle- 
ment. Maximum bridge loads are 42 
tons each. Estimated cost of $9.00 
per ton of bridge load led to special 
design effort to keep the dead load to a 
minimum. Using reinforced concrete 
slabs on steel I-beams resulted in 
saving of 26,000 tons.in 5 miles of 
trestle. Pile bents were spaced 44 ft. 
instead of 34 ft. on center. Saving was 
$300,000 on piles and piers and about 
as much on the deck due to simplicity 
of construction. From north shore 34 
mile of ascending typical trestle work 
leads to four 90-ft. plate girder spans 
followed by four 210-ft. through 
trusses. Channel span has lift bridge 
300 ft. long with 50 ft. clearance closed 


‘and 145 ft. clearance fully opened. This 


exceeds East River (New York) 
clearances by 10 ft. Similar arrange- 
ment of trusses and plate girder spans 
lead to the southside trestle. Other 
trestle and bridge work further south 
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includes roadway over swamp so soft 
that material was removed and sand 
was pumped in from river. Concrete 
piles and piers to Elevation + 5.0 were 
of 1:114:3 mix and other concrete was 
1:6. A modern concrete testing 
laboratory facilitated taking daily test 
cylinders which were broken at 7, 14 
and 28 days. Other cylinders cured 
under various weather conditions were 
broken at 2 to 10 days, the early 
strengths being used to determine when 
forms and centering might be removed. 
An old World War shipyard made a 
satisfactory operating base in which 
the 2,980 concrete piles were cast and 
cured for 30 days. Casting yard 
capacity was 140 piles, the lengths 
being adjusted by putting end stoppers 
in forms. Longitudinal steel for piles 
was used in full lengths (117 ft. for the 
longest units, 115 ft. piles). Two 1-yd. 
mixers were fed by a 400-yd. charging 
hopper, served in turn by a stiff leg 
derrick charging from cars or stockpile. 
Aggregate was measured by batch 
hoppers and water content was ac- 
curately gauged. Cement came from 
the cement house by belt conveyor. 
A gantry crane lifted piles from forms 
after 7 days. After lifting, the pile was 
cured by water jets for 21 days or 
longer in the curing yard, after a 
thorough inspection. Curing yard 
capacity was 500 piles. Piles were 
driven by two large floating drivers of 
“single” and “four lead’ types, the 
latter getting all 4 piles for a bent 
aligned before driving started. The 
long piles were handled by 3 or 4 point 
suspension to avoid excessive bending 
stresses. Two piles were driven at a 
time by two 7,500 lb. steam hammers. 
Some piles had to be cut off to grade 
with an acetylene torch and — air 
hammers. Piles showing maximum 
penetration per blow were loaded with 
a water tank on an I-beam frame. 
Readings were taken for various loads 
up to 90 tons. Recoverance was 
measured after removal of load. The 
maximum added penetration under the 
90 ton load was 4 in. Bridge con- 
creting was done from 2 plants mounted 
on large barges. A bent consisted of a 
9 in. slab on four 30-in. 115-lb. I-beam 
stringers, 43 ft. 9 in. long resting on 
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concrete caps supported by 4 piles each 
at 7 ft. on centers. Piers under trusses 
were in about 40 ft. of water and were 
supported on wood piles at river- 
bottom level. Two piers with bell 
shaped bottoms 23 ft. in diameter 
tapered to 10 ft. diameter web con- 
nected cylinders at the water surface. 
Steel forms were used.—H. J. GILKEY 


Construction methods and plant 
layout at Coolidge dam in Arizona. 
J.G. Trier. Proc. Am. Soc. Civil Eng., 
Nov. 1929, V. 55, No. 9, p. 2347-2356. 
—Construction of Coolidge Dam across 
Gila river, San Carlos Project, Arizona 
involved departures in plant layout. 
The dam is a symmetrical 3-dome 
structure with spillw ays at each end; 
in a box canyon, the river bed having 
nearly the same "Width as the crest of 
the dam. Height 245 ft., maximum 
thickness 212 ft. and concrete volume 
204,000 cu. yd. The walls are 20 ft. 
thick at the bottom, tapered to 4 ft. at 
top. Span of the domes 94 ft. at bed 
rock measures to 160 ft. at midheight, 
decreasing to 126 ft. at top. At top 
dam recedes about 200 ft. from up- 
stream foundation contact. Excava- 
tion amounted to 300,000 cu. yd. of 
rock and 50,000 cu. yd. sand, gravel 
and boulders. Concrete plant was on 
hillside instead of in the canyon, ayoid- 
ing flood danger of Gila river. Ag- 
eregates stored 14 mile downstream. 
Aerial tramway transported material to 
the site in preference to a road or rail- 
road in the canyon (subject to flood 
hazard), or a long serpentine up-grade 
along the side, on account of the lower 
operating cost. The “Construction 
Symmetry of the Design” controlled 
the final selection of the distributing 
system which was difficult because of 
the width of canyon at the base of the 
structure which made the lengths along 
the two axes nearly equal and the outline 
in plan rectangular rather than triangu- 
lar as is usual for a dam in a V-canyon. 
The massive, lower portions of the dam 
were poured with a plant able to place 
2,000 cu. yd. of concrete per day, while 
another plant was used for the higher, 
upper sections in some parts of which 
not over 100 cu. yd. per day could be 
placed. Operating economies justified 
the extra equipment necessary for the 
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dual installation. The main hoisting 
tower on a concrete pedestal extending 
to bedrock and capable of withstanding 
a considerable flood, was just down- 
stream from the crest line and in the 
middle of the canyon, in the river bed 
and extended to a height 375 ft. above 
it (about 130 ft. above the crest). Side- 
hill towers would have involved re- 
hoisting and high first cost. Gravity 
bins for aggregate at the west side of 
the canyon at about spillway level were 
filled by the aerial cableway and siloed 
cement used. Two 2-yd. mixers fed by 
batchers delivered the concrete to the 
base of the main tower by a chute. 
There the concrete was hoisted to a 
threeway chuting plant above, one 
each to east and west domes and 
central sections. The long chutes to 
east and west domes were each sus- 
pended from a cable one end of which 
was attached to the tower. The central 
chute was suspended directly from the 
tower by a boom that described a semi- 
circle about the tower. The ends of all 
chutes were fitted with swing coun- 
ter-balances suspended from cables 
stretched across the canyon. The 
spandrel walls, domes, sidewalks, hand 
rails, enrichments, ete., were poured 
from automobile hopper car on a 
timber track. 


The bins had an 8-hour storage 
capacity. The tramway operated 
24 hours and concrete could be poured 
continuously through two 8 hour 
shifts. Mobility was necessary for the 
excavating plant because of the un- 
certain nature of the stream. Trucks 
of 7 to 10 ton capacity and 144 yd. 
shovels were adopted for the river 
excavation... The trucks could ‘‘track”’ 
forward. or backward with equal ease. 
“Backdown” ramps were constructed 
into the excavation. For flood control 
and to protect the gravel plant from 
excessive water a 12 by 32 ft. adjust- 
able gate was built to close against a 
hydrostatic head of 150 ft. Pumping 
units were of the vertical turbine type 
because of their general ‘fool proof- 
They were suspended from 
cables stretched across the canyon and 
could easily be lifted away from harm 
by gasoline hoists. In addition to the 
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aerial tramway the general service 
plant included a suitable auxiliary lay- 
out including crushing and screening 
plant. The gravel pit material was a 
mixture of cobbles, boulders, silt and 
mud and had to be altered before using 
as graded aggregate. A dinky loco- 
motive on narrow-gauge track trans- 
ported gravel. Two inlet towers at the 
heel of the structure received material 
during construction with a 10-ton 
eableway which also carried forms and 
reinforcing steel to the lower areas of 
the domes. Most of the tonnage, how- 
ever, was delivered over the 20-ton 
cableway centered above the roadway 
of the dam. Trucks shuttled up and 
down the roadway between camp, shops 
and bottom of the canyon. Electrical 
layout, air compressors and water 
service completed the plant. 

In the construction leveling control 
was necessary for sloping ‘‘pours’’ in the 
buttresses. Domes were poured in 
three vertical lifts. Buttresses and 
quarter-spans of adjacent domes were 
poured in one piece. After 4 or 5 days 
for shrinkage the central part of the 
dome was poured. Flexible form 
panels, in assorted sizes were used 
throughout. The dome caps reauired 
some special manipulation in pouring. 
Ingenuity was required for some phases 
but it is concluded that the multiple 
dome was found to be a practical 
structure to build and a _ worthy 


contender for primacy in the high dam 


field.—H. J. Ginkny 

The construction of the bridge 
near Echelsbach. Ferrp. Dvr. 
Zement, (Germany) 1929, V. 18, p. 1805- 
8.—The construction of an arch-bridge 
in reinforced concrete under use of the 
system ‘‘Melan-Sachsenberg” is de- 
scribed. The arches were built from 
both sides without centerings. The 


_ iron structures were loaded with sand 


of the weight of the concrete to be used, 
before pouring the concrete, in order to 
balance all tensions.—A. E. Brrriicn 


Continuous shoring speeds work 
on tall Chicago structure. C. W. 
Exrisworts AND H. 8. Krtier. Con- 
crete, Dec. 1929, V. 35, No. 6, p. 13.— 
The 201 North Wells St. Bldg., Chicago, 
covers the full size of the lot to the 
twenty-first floor, with a set-back at 
each floor to the 24th, which is the first 
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floor in the tower proper. This, in 
turn, sets back at the corner of each 
floor to the 30th floor. From this point 
to what would be the 32nd floor, the 
roof is stepped back in the form of a 
pyramid. The framework around the 
elevators is structural steel up to the 
21st. floor and from the 30th. to the 
apex of the pyramid. Throughout the 
first eight floors and in scattered por- 
tions of the upper floors, cast iron cores 
were used in the concrete columns. The 
locations of joist bottoms were de- 
termined from a typical floor plan and 
from the floor, locations of continuous 
shores could be spotted and projected 
down to the basement, taking care to 
miss all joists or other structural 
members. On the rough excavation of 
the basement floor, double mud sills 
were laid as a foundation for the 4 by 4 
in. shores. These were run up above 
the elevation of the finished first. floor. 
—C. BACHMANN 

Past experiences with high dams 
and outlook for the future. A. J. 
Witry. Proc. Am. Soc. Civil Eng., Nov. 
1929, V. 55, No. 9, p. 2318-26.— 
Masonry dams require hard and 
durable foundations, which is not 
necessarily true of an earth dam. The 
lateral thrust of an arch dam may be 
even more exacting on the side walls 
than on the base. Concrete masonry 
has largely replaced stone since 1910. 
In addition to the straight gravity type 
the following represent recent practice. 
(1) Arched gravity dam of long radius. 
(2) Various types of arch dams of 
shorter radius and less than gravity 
section. (3) Multiple-arch dams. (4) 
Buttress type or Ambursen dams. (5) 
Multiple dome dam. The Cheesman 
dam, 235 ft., and the Roosevelt dam, 
280 ft., were among the last high arched 
gravity dams to be built of stone 
masonry and were also about the last 
to ignore uplift in their design. Current 
practice is to use deep cut-off trenches, 
pressure grouting and foundation drain- 
age. Uplift in the body of the dam is 
guarded against by vertical drains near 
the upstream face. The high arched 
dams of less than gravity section are 
suitable for narrow canyon sites and 
may be of fixed or variable radius or 
variable radius with constant angle 
types. The multiple dome type is 
similar in adaptability to the multiple 


20 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


arch but is more massive and avoids the 
relatively thin walls and buttresses of 
the latter. The Ambursen type is 
similar to the multiple arch but uses 
reinforced concrete slabs between but- 
tresses. The author favors watertight 
construction to drainage for water that 
penetrates the concrete. The value of 
metal stops is questioned. Leakage 
occurs more frequently at the hori- 
zontal construction joints than it does 
at vertical construction or contraction 
joints. The value of the vertical drains 
is questionable. The use of sand 
cement is discouraged. Large-sized 
gravel or cobbles placed in the mixer 
is considered to effect a more desirable 
economy of cement. The value of 
pressure grouting as a means of in- 
creasing arch action is questioned. The 
author favors arch gravity sections and 
does not feel that contraction joints 
seriously reduce the added factor of 
safety obtained by arching. He further 
concludes: Masonry dams on suitable 
bedrock are safe and permanent struc- 
tures and are most suitable for very 
high dams. The stability of an arched 
eravity dam is increased as the radius 
of curvature is shortened. If free from 
horizontal jomts and seams the only 
uplift either in the concrete of the dam 
or between the dam and a well bonded 
base is that due to a difference in the 
degree of porosity of the concrete and 
foundation rock. In a homogeneous 
mass pressure in the pores of the 
material is self neutralizing——-H. J. 
GILKEY 


Continuous truss bridge 1,575 
ft. long at Cincinnati. Eng. News- 
Record, Nov. 7, 1929, V. 108, No. 19, 
p. 734.—Monolithic concrete piers were 
constructed on rock foundation over- 
laid with 40 to 50 ft. of silt sand and 
gravel, and offshore piers were sup- 
ported on concrete piles with reinforced 
concrete sheet piles to protect footings. 
Existing south pier was widened by 


sinking caisson beside old pier, pro- 


viding separate foundation. Extension 
was made to include a reinforced con- 
crete jacket around old pier. New 
concrete was secured to old pier by 
dowels and steel channels held by tie 
bolts running through old pier. Con- 
crete was spouted into forms from cars 


on tracks on existing bridge.—D. F. 
JENNINGS 


Deep foundations for Lake Cham- 
plain bridge built with open coffer- 
dams. Eng. News-Record, Nov. 21, 
1929, V. 103, No. 21, p. 796-800.—Open 
cofferdams 97 ft. below lake level were 
sealed with concrete placed under water 


‘using bottom-dump buckets, in six-day 


continuous pours. After concrete in 
seal had hardened, cofferdams were 
pumped out and remainder of concrete 
was placed in the dry, using same auto- 
matic Hottom-dump buckets. Buckets 
dumped automatically under water 
when in contact with the concrete; in 
the forms, by contact with cross 
bracing. Aggregates were iron mine 
tailings making heavy concrete. Pro- 
portions for under-water concrete were 
1:1.8:3.6 with 6.5 gal. water per sack of 
cement and mixing time of 2 minutes; 
for shaft concrete, proportions were 
1:2.5:5 with a W/C ratio of 7.7 gal. and 
114 min. mixing time. All concrete was 
handled by floating plant. Concrete 
bridge deck was placed in two strips, 
each one half width of deck, one half 
being completed before starting other 
half. Deck concrete was delivered in 
hopper cars handled on tracks on 
bridge.—D. F. Jinninas 


Why joints in concrete pave- 
ments. Crirrorp OtpER. Eng. News- 
Record, Oct. 3, 1929, V. 19, No. 14, 
530.—A theoretical discussion of the 
stresses set up in concrete slabs by 
temperature and moisture. Attention 
is called to the fact that spalling at 
joints and cracks may be due to ex- 
cessive compressive stresses developed 
by expansion and warping of the pave- 
ment slab. Discusses types of con- 
traction joints and defines function and 
proper design of dummy joints. With 
“low resistance’? expansion joints, 
spalling as well as blow-ups should be 
largely if not completely eliminated by 
spacing such joints at least every 100 
feet, provided intermediate contraction 
joints are installed at from 15 to 30 feet 
apart in order to control transverse 
cracking.—F, H. Jackson 

Establishing a state record in 
concrete road building. R. W. 
Epwarps. Roads and Streets, Oct. 
1929, p. 343.—Unusually rapid progress 
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was made in the construction of a con- 
crete pavement in California through 
the use of efficient methods of manage- 
ment. Average production for an 8- 
hour day of 329 batches of concrete 
(27 E. paver) using a 60 second mix, was 
maintained throughout the construc- 
tion of 11.4 miles of 20-ft. pavement. 
Ageregates were batched by weight 
and two separate sizes of coarse agegre- 
gates employed.—F.. H. Jackson 


Up-to-date concrete street pave- 
ment. E. C. Sire. Roads and 
Streets, Nov. 1929, p. 417—A summary 
of recent developments in the design 
and construction of conerete street 
pavements. Discusses importance of 
material control, measurement of ag- 
gregates by weight, etc. Describes 
tests used to determine time of opening 
streets to traffic. Includes a_ brief 
description of the design and construc- 
tion practices in several cities —F. H. 
JACKSON 

Construction of concrete reser- 
voirs with special reference to 
foundation work in abandoned 
mines. R. M. Rineaen anp G. L. 
Henprickson. Proc. Eng. Soc. of West. 
Penn., Nov. 1929, V. 45, No. 8, 23 
pages.—Foundations for two reservoirs 
were prepared over old coal workings 
which were beneath a 60-ft. sandstone 
roof. Crevices in settled rock com- 
plicated the problem, and coal stratum 
showed numerous cavities partly filled 
with gob consisting of fine coal, slate 
and shale. Experimental grouting was 
carried out in about a half dozen of the 
test-holes to develop a satisfactory 
method. A shaft was sunk adjoining 
one of the test-holes and some cavities 
were found to be filled with grout and 
some with a combination of mortar and 
gob. It was held to be demonstrated 
that the method so stiffened up the 


‘material adjacent to the drill holes that 


a columnar support was provided at 
this point capable of supporting the 
load contemplated. Holes were drilled 
over the area of both floor and support- 
ing enbankment. These were packed 
just above the coal horizon and cement 
grout pumped in until a pressure of 
100 lb. per sq. ft. was attained. Neat 
cement was used for the first few 
batches going into each hole and the 
mixture leaned to a 1:3 cement-sand 
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grout, by volume. Packing was then 
loosened and pipes raised to the surface 
of the sandstone roof. Grout was then 
pumped in to seal off the rock crevices. 
Two Union Iron Works pneumatic 
grout machines with agitator paddles 
were used. Grout in one instance 
traveled 45 ft. into an adjacent stone 
quarry. The largest amount required 
by any one drill hole was 2775 cu. ft. 
and the total placed in 296 holes was 
approximately 140,000 cu. ft. The 
larger, or Brashear reservoir, was 
roughly oval in shape and was of T-wall 
type. The floor was of double slab 
construction with membrane water- 
proofing between. Footings were pro- 
vided with a cut-off wall for seepage 
extending down to rock and drainage 
provided longitudinally with broken 


- stone, outlets through the embankment 


being also provided. This was done to 
protect from both under-cutting and 
back-pressure. A feature was the use 
of copper-sealed joints between the 
construction units of the wall and foot- 
ing and also between the footing and 
the adjoining slab of the floor. These 
joint strips were shaped on the job and 
were grooved to care for expansion. 
They were lapped, riveted and soldered 
at the ends and were mopped with 
asphalt as placed. Construction joints 
were subsequently poured with Trini- 
dad asphalt. Because mix used was 
rather rich and some shrinkage cracks 
developed. Inside of the wall was given 
two coats of coal-tar waterproofing 
paint.. The smaller, or McNaugher 
reservoir, was circular in shape with a 
smaller circular tank beside it to serve 
as pump regulator when the big tank 
might be out of service. Both were 
built with horizontal construction 
joints, insuring the monolithic charac- 
ter of the hoops. The tanks were 
waterproofed by guniting.—P. J. Frrz- 
MAN 


Classification, selection and 
adaptation of high dams. (See 
ENGINEERING DusIGNn.) 


SHorp MANUFACTURE 


Cold weather curing of concrete 
products improved by simple dry- 
ing device. Concrete, Nov. 1929, V. 35, 
No. 5, p. 31.—A unit heater is similar 
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to an automobile radiator in appear- 
ance. It has a tier of copper steam 
tubes running in a horizontal direction. 
Around each copper tube a helical brass 
fin is wound which increases the heat 
radiating surface about 300%. The 
unit selected for use is about 30 in. 
square and about 10 in. thick, capable 
of delivering 50 sq. ft. of radiation. 
The heater was mounted on a portable 
chassis and the fan that had previously 
been used was mounted on the same 
chassis directly in front of the heater. 
The unit was then placed inside the 
curing tunnel directly against the door. 
The air supply was taken from the 
storage room through a 12-in. gal- 
vanized iron sleeve which extended 
from the fan housing through a hole in 
the tunnel door into the storage shed.— 
C. BACHMANN 


Is this the way out? D. R. 
Coutins. Concrete, Nov. 1929, V. 35, 
No. 5, p. 17.—A small group of Mil- 
waukee County, Wisc., concrete pro- 
ducts manufacturers began a series of 
meetings, culminating in a preliminary 
co-operative contract. Hach plant was 
to be put on quota basis—to be 
established by an average of 1927 and 
1928 business. When sufficient signa- 
tures had been secured, the incorpora- 
tion of a non-stock co-operative 
association under the Wisconsin Mar- 
keting Act of 1927 was concluded. The 
association is organized without capital 
stock and any individual, partnership 
or corporation engaged in the manu- 
facture of concrete products in Mil- 
waukee County is eligible to member- 
ship upon signing a membership roll 
and upon acceptance by a majority of 
the board of directors. Each member 
is entitled to participate in profits in 
proportion to the volume of business 
contracted by members with the 
association.—C. BACHMANN 


Handbook for the cast stone in- 
dustry. Das Betonwerk (Germany) V. 
17, No. 44.—A book of 865 pages 


profuse with diagrams and illustrations 
entitled ‘““Handbuch der Zementwaren 
und Kunsteinindustrie.” | Methods, 
caststone, terrazzo, mosaic fully de- 
scribed.—H. FRAUENFELDER 


Mold boxes. G. R. Gregory. 
Concrete Building (England), Nov. 


. 1929, V. 4, No. 11.—A description and 


drawings of six kinds of mold boxes used 
in the cast stone industry. Some 
ingenious methods of construction of 
molds are indicated—H. Fravunn- 
FELDER 


Pre-cast concrete factory opera- 
tion. Concrete: Building (England), 
Nov. 1929, V. 2, No. 11. /Concrete 
Publications, Ltd., 20 Dartmouth 
Street, Westminster, London, 8. W. 1 
offers book 216 pages 146 illustrations 
describing methods and processes used 
by more than 20 English manufacturers 
of all classes of precast concrete.—H. 
FRAUENFELDER 


The bonding of Rhenish pumice 
stones with lime and cement. (See 
MATERIALS. ) 


Manufacture of art objects from 
colored cement. Grorce RIczE. 
Rock Products, Nov. 23,-1929, V. 32, 
No. 24, p. 121.—Part II of the series 
dealing with making majolica tile as 
inserts in metal structures—J. J. 
LAnpDyY 


Limestone screenings in concrete 
products. L. C. Hitt Rock Products, 
Nov. 23, 1929, V. 32, No. 24, p. 122- 
123.—Comparative tests on all-sand 
concrete block and block made with 
limestone-sand aggregate indicate. Lat- 
ter block has higher compressive 
strength and lower absorption rate. 
Screen analysis of different mixes given. 
Leaner mixes improved by addition of 
limestone screenings. Ideal fineness 
modulus for concrete products mix is 
between 3.75! and 4.25, 25 per cent 
being retained on No. 4 sieve.—J. J. 
LANDY 
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MATERIALS 


Methods of inspection of mineral 
aggregates. A. S. Raw. Proc. Am. 
Soc. Testing Materials, 1929, V. 29, 
Part 2, p. 745-753.—This paper dis- 
cusses the methods of inspection of 
mineral aggregates from a technical 
standpoint. The discussion considers: 
(1) preliminary investigations, includ- 
ing material surveys and reconnaissance 
surveys: (2) inspection during construc- 
tion, including inspection at source of 
supply and at destination; (3) methods 
of sampling; and (4) field tests. The 
important things to be observed in 
inspection at the source of supply and 
at destination are pointed out and the 
advantages of each method of inspec- 
tion are discussed. The importance of 
proper sampling in emphasized and the 
standard methods of the Society are 
recommended as a guide in formulating 
instructions to inspectors. The screen 
test, silt test, colorimetric test for sand 
and test for weight per cubic foot are 
named as the more important field tests. 
Mineral aggregates play a most impor- 
tant part in the construction work 
throughout the country. Our high- 
ways and streets, for example, are over 
90 per cent mineral aggregates and con- 
crete construction of all kinds will 
average 85 per cent aggregates. There- 
fore adequate inspection and tests are 
necessary to the protection of the 
enormous annual investment in these 
materials.—(From synopsis by Am. 
Soc. Testing Materials.) 


Phoenix Utility Co., furnished 
mixed concrete for hydro-electric 
development. F. C. Lincoun. Pit 
and Quarry, Dec. 4, 1929, V. 19, p. 63- 
67.—Plant was erected solely to pro- 
vide concrete in the construction of the 
Morony dam across Missouri River 17 
miles below Great Falls, Mont. Pour- 
ing of concrete began inside of four 
months from time ground was broken. 
Dam is 850 ft. long and 95 ft. above 
river-bed. Cement is received in bulk 
in box-cars and is unloaded by a power 
shovel into an inclined silo built on 
the slope of the hill. It feeds from this 
silo by a screw conveyor to an 18-in. 
belt conveyor, to a bin over the con- 
crete-mixing plant. Pit-run gravel is 
brought 40 miles in bottom-dump cars. 


Before shipment all stone over 4-in. is 
removed. At dam plant the aggregate 
is thoroughly washed and screened into 
following grades: 4-in. to 1-in.; 1-in. to 
Yj-in.; sand. Concrete contains 1.15 
bbl. cement per cu. yd. Aggregates are 
proportioned by weighing. Mixing 
is done in two 2-cu-yd. machines. Each 
batch is composed of 6,850 lb. of 
aggregate, 865 lb. of cement, and 50 
gal. water, and is mixed for two min- 
utes.—A. J. Hoskin 


The Cement shall. R. R. Coagu- 
LAN. Concrete (M.8.), Nov., 1929, V. 
35, No. 5, p. 101- 104. —The author 
reviews the methods of test and points 
out many places where the failure 
rigidly to observe the prescribed tech- 
nique results in marked departures in 
result from those which would obtain 
by correct test. Of special significance 
are the temperature and humidity con- 
ditions of the moist closet. The design 
is given for a moist closet which will 
meet the desired requirements. 


Studies on fundamental syn- 
thesis of calcium aluminates and 
their hydration. §S. Nagar and R. 
Narto. Concrete (M. 8.), Nov. 1929, 
V. 35, No. 5, p. 119.—The authors 
studied the formation of CaO.Al,03 and 
5Ca0.3Al,03; by heating mixtures of 
Al,O3 and CaCO; in the proportions of 
1 to 1 and 5 to 38. Free CaO by the 
ammonium acetate method and free 
Al,O3 by insoluble residue were deter- 
mined. The ratio of combined CaO to 
combined Al,O3, obtained by differ- 
ence, is compared with the theoretical 
ratios, 1 to 1.67. The ratios obtained 
with the 1 to 1 mixture, heated at 
temperatures ranging from 950° to 
1250° fall between 0.47 and 1.21. With 
the 5 to 3 mixture, the ratios obtained 
at the same temperature fall between 
0.52 and 1.64. The ratios, together 
with specific gravities of the products, 
are used to calculate the amounts of 
CaO.AlO; and 5CaO.3Al03 formed. 


Sand and gravel, and central- 
mixing plants combined by South 
Bend company. Pit and Quarry, 
Dec. 4, 1929, V. 19, No. 5, p. 71-76.— 
Describes operation of Geo. J. Hoff- 
man & Co. plant which has a capacity 
of 600 cu. yd. per day. Describes pit 


ABSTRACTS 


operations, screening and washing into 
five sizes of aggregate. Cement is pur- 
chased in bulk, in box-cars, is unloaded 
by an automatic scraper into a screw 
conveyor, and fed to bucket elevator 
which stores it in a bin. if this bin be 
already full, cement is spouted into a 
900-bbl. storage house whence it can be 
recovered by same screw conveyor and 
elevator. Each of the two mixers is 
provided with three batchers—for sand, 
gravel, cement—each batcher having 
its own hopper scale, a few seconds 
being required to proportion each batch. 
Water is measured in special tanks with 
gauge-glass. Batchmeters control each 
batch to a 2-min. mix. One mixer is 
2-cu. yd., the other l-cu. yd. capacity. 
Concrete is hauled in trucks, as far as 
16 miles.—A. J. Hoskin 


Fine aggregate in mortar and 
plaster. J. C. Pearson. Proc. Am. 
Soc: Testing Materials, 1929, V. 29, 
Part 2, p. 774-787.—This paper pre- 
sents a brief discussion of the functions 
and properties of ordinary mortar and 
plaster, and shows the relatively minor 
and more or less indeterminate contri- 
bution of the fine aggregate to these 
properties. Hence the existing lack of 
attention to quality of fine aggregate 
for mortar and plaster, Existing speci- 
fications for lime and gypsum plastering 
sands are not entirely satisfactory, as 
they undoubtedly debar many suitable 
ageregates. Data most needed for a 
logical selection of aggregate have to do 
with plasticity and volume change, but 
very few have been secured up to this 
time and more fundamental studies are 
needed to supply such data. The appli- 
cation of the so-called plastic mortar 
test to 35 building sands indicates that 
this is a safeguard against dangerous 
sands, and that poorly graded or 
excessively fine sands are uneconomical. 
However, a complete and satisfactory 
specification for fine aggregate can 
hardly be written until general relations 
are established between the character- 
istics of fine aggregates and the proper- 
ties of plasticity and volume change in 
mortars and plaster.—(From synopsis 
by Am. Soc. Testing Materials. ) 


Stone screenings. Rock Products, 
Dec. 21, 1929. V.32, No. 26, p. 106.— 
Uses listed in summary of aritcle by 
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A. T. Gotppreck in Crushed Stone 
Journal includes: (1) Fine aggregate in 
concrete, alone or in combination with 
sand; (2) binder in waterbound ma- 
cadam road construction; (3) portion of 
the aggregate in bituminous concrete; 
(4) cover material in surface treatment 
for roads; (5) subgrade treatment under 
macadam, concrete and other types of 
roads; (6) low cost road construction; 
(7) shoulder maintenance; (8) concrete 
block manufacture; (9) miscellaneous 
uses in concrete.—J. J. LANDY 


Influence of different kinds of 
sand on the mechanical properties 
of cement. P.P. Bupnrkorr. Zement 
(Germany) Dec. 1929, V. 18, No. 49, p. 
1410-1.—Experiments were made with 
several portland cements and different 
kinds of sand in order to find a sand 
suitable as a standard sand for physical 
tests. The sand from Wolsk (Russia) has 
these properties. Microphotographs 
are given.—A. E. Bririicu 


“*Si-Stoff’’ and trass as aggre- 
gates for cement and lime. R. 
Meuser. Zement (Germany) Dec. 
1929, V. 18, No. 49, p. 1411-5.—The 
use of “Si-Stoff’” for the construction 
of dams can not be recommended; 
trass is a much better aggregate. The 
amount of soluble silica is higher in 
trass, than it is in “Si-Stoff.” Trass 
has a better plasticity. The compres- 
sive strength of “Si-Stoff”’ is slightly 
higher but at the cost of a lower 
density. Concrete with trass as aggre- 
gate shows its highest strength after a 
long time period, while ‘‘Si-Stoff”’ gives 
an earlier maximum in strength. Dr. 
Luftschitz disputes this conception and 
claims, that ‘‘Si-Stoff” is a better aggre- 
gate than trass for the construction of 
dams. (cf. Dr. Luftschitz, Zement 
1929, V. 18, No. 39.)—A. E. Brrriica 


The relation between the fineness 
of grinding and the retrogression of 
strength of portland cement. N. 
Nicotarsco. Rev. materiaux construc- 
lion trav. publics. (France) 1929, p. 
401-2.—Cement exposed to damp air 
losses in strength more when finely 
ground than when less finely ground; 
but when out of contact with the air the 
strength is not affected regardless of 
the fineness. —F’. O. ANDEREGG. 
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Rapid determination of calcium 
oxide in portland cement, C. H. 
Rogoztnski. Zement (Germany) Dec. 
1929, V. 18, No. 51, p. 1464.—To 0.65 
g. of cement add 5 cc. of water and 
20 cc. N-HCl, break up all the lumps 
and let stand for 15 min. on a warm 
hot-plate. Dilute with boiling water 
to 200 cc., boil for 1 min. and titrate 
hot with N/2 NaOH-solution and 
phenolphthalein as indicator. <A filter- 
paper behind the beaker shows the 
first appearance of a pink color. The 
accuracy of the method is 0.1 per cent 
calcium oxide. It is advised to run 
duplicates.—A. E. Brrriicu 


The effect of zinc and zinc oxide 
on the initial set of cements with a 
slag base. EmMaNnurEL Pusou. Rev. 
materiaux construction trav. publics. 
(France) 1929, p. 407-9.—Zn and ZnO 
even in traces have appreciable effect 
in slowing down the initial set of 
cements with a slag base. Therefore, 
a zinc table top should not be used for 
making up test specimens. The action 
is similar to that of PbO.—F. O. 
ANDEREGG 


The rate of hydration of cement 
clinker. F. O. Anprrnce and D. S$. 
Huspewt, Proc. Am. Soc. Testing 
Materials, 1929, V. 29, Part 2, p. 554- 
564.—Lack of knowledge of the rate of 
hydration of cement clinker has hind- 
ered a more complete understanding of 
the complicated setting and hardening 
reactions that cements undergo. Care- 
fully sized fractions have been sepa- 
rated by prolonged elutriation with 
dried air and gaged with water under a 
variety of conditions. After varying 
periods of storage, samples were re- 
moved and rapidly dried. The par-. 
tially hydrated material was ground in 
an agate mortar until a high degree of 
uniformity of size was secured. The 
ground powder was made into a slide 
and the ratio of hydrated to unhydrated 
determined. Storage in water at 70° F. 
resulting in the hydration of a layer of a 
typical portland-cement clinker to an 
average depth of about one-half micron 
in 24 hours, 1.7 in 7 days, 3.5 in 28 
and about five microns in 90 days, in 
the presence of calcium sulfate. In 
the absence of calcium sulfate, the 
penetration appears to. be somewhat 


greater. Calcium chloride in the pres- 
ence of calcium sulfate does not seem 
to have much effect on this reaction. 
A temperature of 32° F. slowed down 
the initial reaction and one of 100° F. 
increased it at early periods, but no 
appreciable difference could be detected 
at 28 and 90 days at either temperature 
from similar hydrating cement stored at 
70° F. One portland cement of high 
early strength was apparently hy- 
drated more completely at 7 and 28 
days than ordinary cement. The 
greater apparent hydration of a white 
portland cement is explained by the 
larger surface area due to greater 
irregularity in shape.—(From synopsis 
by Am. Soc. Testing Materials.) 


Fine aggregate in concrete. H. 
F. Gonnerman. Proc. Am. Soc. Test- 
ing Materials, 1929, V. 29, Part 2, p. 754- 
773.—This paper gives a general dis- 
cussion of the role of fine aggregate in 
concrete, and includes brief statements 
from the published writings of some of 
the early writers on the subject, who 
were concerned with many of the prob- 
lems that are discussed in current 
engineering literature. The function of 
fine aggregates in concrete and the 
principal considerations involved in 
their selection are discussed in detail. 
The desirable characteristics of a sand 
for use in concrete are stressed, includ- 
ing durability and cleanness of the 
particles and tests for these properties 
are reviewed. The use of crushed stone 
or air-cooled slag screenings as fine 
aggregate is also discussed. The 
influence of size and grading of fine 
aggregate on such properties as 
strength, permeability, and worka- 
bility of concrete is pointed out, and 
the principal requirements of typical 
specifications for fine aggregate sum- 
marized.—(From synopsis by Am. Soc. 
Testing Materials.) 


Sugar in sand: a quick test to 
determine its presence bacterio- 
logically. N. H. Roy. Proc. Am. 
Soc. Testing Materials, 1929, V. 29, 
Part 2, p. 611-615.—The effects of 
sugar in portland-cement mortar and 
concrete have been discussed by many 
authors, and the serious and costly 
effects of its presence are so commonly 
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known that a discussion of them is not 
necessary in this paper. Sugar has been 
found in sand from some deposits, and 
doubtless there have been many others 
in which its presence was unknown and 
unsuspected. The presence of sugars 
in natural sands may account for many 
cases of concrete that will not set or 
harden or that have low strength. As 
the effects of even small amounts of 
sugar generally are to ruin concrete, a 
method for detecting its presence in 
sand is discussed in this paper, together 
with a statement of the classes of sugars 
found naturally in fields and streams, 
and of the bacterial action that takes 
place in nature. The proposed test is 
the reversal of a common bacterial test 
—the use of a common harmless bac- 
terium, Aerobacter Aerogenes (Bac- 
terlum Aerogenes), to test for the 
presence of sugar. A washing from 
the sand is placed in a test tube to- 
gether with a small quantity of bouillon, 
the mixture is inoculated with Aero- 
bacter Aerogenes and set aside in a 
warm place for a short time. The 
presence of sugar is revealed by the 
liberation of carbon dioxide which is 
easily collected in a fermentation tube 
to furnish visual quantitative evidence. 
Carbon dioxide will not be liberated by 
the bacteria from organic materials 
such as tannic acid. The method is 
rapid and reliable and will detect very 
minute quantities of sugar. Support- 
ing data and photograph showing the 
results of tests are included.—(From 
synopsis by Am Soc. Testing Ma- 
terials.) 


Winter thoughts of an aggregate 
salesman. 8S. M. Hanns. Rock 
Products, Dec. 7, 1929, V. 32, No. 25, 
p. 52-60.—Data are furnished to show 
that good concrete can be made from 
clean crusher run or pit run materials. 
Standard grading only practical and 
effective when they give uniform 
quality of concrete. Author suggests 
engineer study materials and base 
design to make fool-proof mixtures. 
Workability of concrete is essential and 
best—all designs should aim at this. 
Grading requirements should not be 
too rigid but allow for small changes due 
to segregation—uniform grading is gen- 
erally sufficient. Any specifications 
which increase costs of aggregate 
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manufacture increase concrete costs, 
hence the prime requirement is work- 
ability. Slump curve should be flat 
through the range of consistencies 
required for the work, thereby indicat- 
ing serious grading changes or water 
increases. All proportioning should be 
by weight, thus simplifying control 
with definite limit for water. Regard- 
ing sand, decision as to amount should 
be decided by engineer with workability 
as prime consideration. Too much 
stress is put on “cement saving” aggre- 
gates which is reflected in higher cost 
of resulting concrete, because of 
increased prices paid for them.—J. J. 
Lanpy 


Tricalciumsilicate. Ernst Jan- 
NICKE. Zement (Germany) Dec. 1929, 
V. 18, No. 48, p. 1388-9.—Dispute be- 
tween E. Jaenicke and A. Guttmann 
and F. Gille about the existence of the 
tricalciumsilicate. (cf. Jaenicke. Ze- 
ment 1929, V. 18, p. 1345-7.)—A. E. 
BEIrLico 


‘Comment on Walker’s analysis of 
Bureau of Public Roads tests. 
Epmunp Suaw. Rock Products, Dec. 
21, 1929, V. 32, No. 26.—Shaw upholds 
Walker’s comparative figures stating 
that the results are more equitable 
because the effect of aggregates on 
cement only are compared and not the 
adaptability of aggregates to some 
particular mixture. The works of 
Gray, Kendall and Foster are cited.— 
J. J. LAnpy 


Sand and gravel prospects in 
specific local area. FrmemmMan Warp. 
Rock Products, Dec. 7, 1929, V. 32, No. 
25, p. 68-71.—Uses, markets and defini- 
tions of various grades of sand and 
gravel in Reading, Penn., area given. 
Favorable possibilities found along the 
Schuylkill river near Pottstown, al- 
though size and extent of deposits have 
yet to be determined. The sources of 
sand and gravel in the district are fully 
investigated.—J. J. Lanpy 


Portland Cement Association 
plans long series of safety meetings 
for 1939. Rock Products, Dec. 7, 1929. 
V. 32, No. 25, p. 83-86.—Fifteen 
regional conferences are planned to 
reach almost all sections in the United 
States.—J. J. LANDY 
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A compression test for portland 
cement. O. L. Moorzr. Proc. Am. 
Soc. Testing Materials, 1929, V. 29, 
Part 2, p. 570-584.—It is generally 
known that standard Ottawa sand 
mortar of plastic consistency gives test 
results considerably lower in compres- 
sion than workable concrete of the same 
water-cement ratio. Otherwise stand- 
ard sand is ideal for standardization 
purposes in that it is practically con- 
stant in grading, size and structure, does 
not absorb water and is established as 
the standard testing sand. This paper 
offers a practical method, developed in 
the Central Laboratory of the Univer- 
sal Portland Cement Co., whereby the 
compressive strength of standard sand 
mortar of plastic consistency is a satis- 
factory measure of the strength pro- 
perty of portland cement in concrete. 
Data are given to show that the com- 
pressive strength of plastic standard 
sand mortar is a function of its voids- 
cement ratio; that if the cement factor 
is expressed in the same terms in 
voids-cement ratio of standard sand 
mortar and in water-cement ratio of 
concrete, then the strengths are approx- 
imately equal when the two ratios are 
equal; that by means of a straight-line 
chart or equation between voids-cement 
ratio and water-cement ratio of stand- 
ard sand mortar, the strength of the 
latter becomes a direct measure of 
concrete strength on a water-cement 
ratio basis. An example illustrating 
“the method of procedure and data 
showing results obtained with fifty 
different brands of portland cement are 
given. A method for testing sands and 
a basis for predetermining compressive 
strength are suggested. The method of 
test offers a good criterion for portland 
cement strength in concrete. It utilizes 
a consistency which is subject to 
minimum error in mixing and molding, 
and it has interesting possibilities for 
standardization because of the uniform 
properties of standard sand.—(From 
synopsis by Am. Soc. Testing Ma- 
terials. ) 


Influence of mineral composition 
of aggregates on fire resistance of 
concrete. (See Properties or Con- 
CRETE. ) 


Influence of quality of coarse 


agsregate on strength of concrete. 
(See PROPERTIES OF CONCRETE. ) 


Influence of coarse aggregate on 
the durability of concrete. (See 
PROPERTIES OF CONCRETE. ) 


Dragline excavators. J.C. FrmNcuH. 
Rock Products. Dec. 7, 1929, V. 32, 


‘No. 25, p. 106-107.—Description of 


various types of machines and their 
relative value in stripping, excavation 
and general operations.—J. J. Lanpy 


Waste heat recovery at Security, 
Md., plant of North American 
Cement Corp. Rock Products, Dec. 
21, 1929, V. 32, No. 26, p. 53-58.— 
Description of new generating plant 
producing 6000 kw. per day from 
waste kiln gases. Advantage was taken 
of previous experience and various 
refinements not incorporated in earlier 
plants were included in design and 
construction.— J. J. LANpy 


Diesel engines in the rock pro- 
ducts industries. OrvituE ADAMS. 
Rock Products, Dec. 21, 1929, V. 32. 
No. 26, p. 59-67.—Part 4 of series. 
Development and applications of Diesel 
engines to portable equipment as 
draglines, shovels and locomotives dis- 
cussed. Some comparative cost figures 
are given.—J. J. LANDY 


Preparing clean stone from a 
former waste product. Rock Pro- 
ducts, Dec. 21, 1929, V. 32, No. 26, p. 
68-69.—At Bethlehem Mines Corp. 
stone washing plant, a former waste 
product is converted to marketable 
material by washing and _ screening. 
Operation details are given.—J. J. 
LANDY 


Spray process of slurry feed. 
S.J. M. Auup. Rock Products, Dec. 21, 
1929, V. 32, No. 26, p. 70-72,—De- 
scriptive details concerned with install- 
ation of Righy cement slurry spraying 
system in an English cement mill. 
Installation costs, data on fuel con- 
sumption and power are given. cf. 
Cement and Cement Manufacture, Nov. 
1929.—J. J. Lanny 


Report on research resuits. R. 
NackEN. Zement (Germany) Dee. 
1929, V. 18, No. 47 and 48, p. 1366-70, 
1389-92.—(1) A crystalline product was 
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found in a special clinker and _ its 
properties were studied by chemical and 
microscopical examinations. The anal- 
ysis showed a compound of the type 
2CaO.AlLO3.Si02. The crystals are 
tetragonal, the refractive mdices are 


« = 1.657 and 8 = 1.667. These 
optical properties agree with the 
synthetic 2CaO.AlO3.S102. (2) Solu- 


bility determinations were made with 
clinker, cement and gypsum in water 
in order to study the hydration of 
portland cement. The formation of a 
protecting colloidal film around the 
particles is assumed. (3) Studies of the 
heat tones of the reactions of clinker 
and cement with water. Clinker com- 
bines with 3 per cent and cement with 
1 per cent water during the first 30 
min., then a standstill of the reaction 
takes place until a second reaction 
shows a continuation of the combina- 
tion with water. (4) Studies of the 
influence of LiCl, NaCl and KCl on 
the setting of portland cement. The 
heat of reaction and the combination 
with water increases with the molecular 
weight of the alkali chloride. Solutions 
of CaChk of different concentrations 
show, that the heat tone is greater in 
the case of the stronger solutions (4N 
and 6N) during the first two hours, 
but it drops below the heat tones of 
the weaker solutions (2/5N and 1/5N) 
after ten hours. BaCl»-solutions and 
HCl show a similar behavior. H2SO, 
and HNO; retard the combination 
with water, NaOH accelerates it. 
Ba(OH), and Ca(OH). have little 
influence. In every case two different 
reactions take place. The results are 
compared with determinations of the 
electrical conductivity of solutions of 
cement in water.—A. E. Brrriicu 


A method for a rapid determina- 
tion of dust in air. WALTER TRAUTE. 
Zement (Germany) Dec. 1929, V. 18, 
No. 51, p. 1474-5.—A certain amount 
of air is sucked through a Gooch- 
crucible which is filled with 5 g. of 
fine pulverized sugar. After dissolving 
the sugar in 20 ce. of water the solution 
is centrifuged for two min. at a speed 
of 2000 r. p.m. in a test tube, which is 
18 cm. long and 2 cm. in diameter. On 
the end of this tube is sealed a capillary 
tube, 3 cm. long and 1 mm. inside 
diameter. A small amount (0.01 g.) 
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of minium is centrifuged to the bottom 
of the capillary tube in order to obtain 
a level surface for the dust sample. 
The tube must be standardized with 
weighed amounts of dust. The deter- 
mination of the dust is made by meas- 
uring the length of the centrifuged dust 
column. Accuracy of 0.2 mg.—A. E. 
Britiicn 


Combinations of silica and lime. 
Anon. Rev. materiaux construction 
trav. publics. (France) 1929, p. 429- 
22.—A general description of the mak- 
ing of sand-lime brick.—F. O. ANDER- 
EGG 

Recovery of waste heat in the 
cement mill. Leprun. Rev. 
matertiaux construction trav. publics. 
(France) 1929, p. 416-9.—By filtering 
the slurry and using waste heat boilers 
an appreciable saving has been ob- 
tained.—F,, O. ANDEREGG. 


A new sack and a new method of 
sacking. J. Prournau. Rev. materi- 
aux construction trav. publics. (France) 
1929, p. 414-6.—Description of the 
“Jar” sack and the ‘Haver’ machine. 
—F. O. ANDEREGG 


The constitution of portland 
cement clinker. Hans Kunu. Ton- 
ind. Zig. (Germany) 1929, V. 53, p. 
1571-5.—The problem of hardening 
and its significance in cement study. 
Hans Kihl. Jbid. V. 53, p. 1672-5, 
1690-2. Lectures.—F. O. ANDEREGG 


The effect of zinc and zinc oxide 
on the setting of various hydraulic 
cements. E. Rencapr. Lev. materi- 
aux construction trav. publics. (France) 
1929, p. 409-11.—Zn and ZnO affect 
several different kinds of cement 
adversely, increasing greatly the period 
of initial set and lowering the strengths 
considerably. The fused aluminous 
cement is not hurt by as much as 1 per 
cent ZnO.—F. O. ANDEREGG 


Pacific Coast Cement Co. mill at 
Seattle, Wash. 8. E. Hurron, Rock 
Products, Dec. 7, 1929, V. 32, No. 25, 
p. 33-51.—Modern new mill of 1,250,- 
000 bbl. annual capacity, two kilns, 11 
ft. 3 in. by 240 ft., wet-process plant. 
Complete description, fully illustrated 
with detailed plans of different mill 
buildings.—J. J. Lanpy 
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Atlas Portland Cement Co. opens 
new plant near Waco, Texas. T. 
K. Knox. Pit and Quarry, Dec. 4, 
1929, V. 19, No. 5, p. 30-36.—New, dry- 
process cement plant has a daily 
capacity of 2,400 bbl. Its first train- 
load of product was shipped exactly 
nine months from day that construc- 
tion started. Both types of the raw 
materials are quarried in neighboring 
workings. Electric power operates 
drills and shovels in quarrying Austin 
chalk and Eagle Ford shale. Woodford 
haulage (remote-control electric) em- 
ployed, using 10-cu. yd. cars. Quarry 
rock dumped first into steel-lined 
hopper, thence over reciprocating table 
feeder to large hammermill crusher 
which is only crusher in the plant, it 
working alternately on limestone and 
shale. Crushed material is taken by 
rubber-belt conveyor to by-pass con- 
veyor. This last conveyor takes the 
limerock to a bin 32 ft. diam. by 365 ft. 
height. The shale is delivered directly 
to dryers. From the bin, the “rock” 
is fed, by a table feeder, to a belt con- 
veyor, thence to a hopper, whence it is 
lifted by a vertical elevator to the 
hopper of the dryers. Two dryers, 
each 6 ft. by 80 ft. utilize waste gases 
from the kilns, but also burn gas when 
no kiln is operating, air for the gas 
combustion being furnished by electric- 
driven blower. Gases from dryers 
traverse a vortex-type dust collector, 
as does dust collected at all other 
sources in the plant. Dried material 
is taken by drag-chain conveyor and 
bucket elevator above a battery of 
eight storage silos, with three interstice 
bins. Two silos are used for dried 
limerock, two silos and the interstices 
for dried shale, and remaining four 
slios store ground materials. Material 
is delivered by belt conveyors and 
vertical bucket elevator to hoppers of 
the raw grinding mills. From these 
hoppers the two materials are fed to 
the mixing scales, the proper propor- 
tions being made before the grinding— 
a distinct feature of this plant. After 
grinding the material is taken by pneu- 
matic system to the four silos each of 
which is divided into four compart- 
ments, thus affording storage for six- 
teen compositions. Materials are with- 
drawn by a time-control device which 


automatically operates the valves in 
sequence to effect a fine proportioning 
for the kiln-feed tank to which the 
ground material is conveyed by a 
pneumatic system. Mixture is fed to 
the kiln by screw conveyor which 
accurately regulates the feed. The 
kiln, 11 ft. by 250 ft., with four ring 
bearings, utilizes gas for fuel. Waste 
gas passes through chambers whence 
some is used for drying, the balance 
going to the stack. Clinker drops 
through a vertical cooler to a horizontal 
cooler set at right-angles to kin. After 
being automatically weighed the clinker 
drops into a pit whence it is distributed, 
over the clinker storage. One crane- 
way handles the clinker and the gyp- 
sum. Finish grinding is in the same 
building with the raw grinding. There 
are eight cement-storage silos, each 26 
ft. in diam. by 60 ft. in height, with 
three interstices. Portable pneumatic 
pumps transfer finished cement to 
packing house, or from one silo to 
another to attain any further desirable 
blending. Two automatic bag packers 
load to the railroad cars, one to trucks. 
—A. J. Hoskin 
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The attainment of durability in 
concrete structures. Joun H. 
Hoveu. The Eng. J., Dec. 1929, V. 
12, pp. 617-625.—Although available 
data do not always lend themselves 
readily to the establishment of a direct 
relation between the water-cement 
ratio and some required degree of dura- 
bility, nevertheless this relation exists. 
Conforming to the water-cement ratio 
law, mixes may be designed not only 
for strength but for actual conditions 
of exposure. Destructive agents may 
be chemical or physical. If chemical, 
the action proceeds by the dissolving 
out of essential ingredients of the hard- 
ened cement paste, and the greatest 
deterioration occurs from penetration, 
which progressively increases the area 
of attack. If the agent be physical, as 
in the case of frost action on the en- 
trained water, or through the deposition 
near the surface of dissolved salts as the 
liquid is brought to the surface and 
evaporated, the action is again caused 
by penetration. Thus, in most cases, 
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the greatest deterioration in exposed 
concrete comes from the penetration of 
moisture to the interior of the mass. 
The problem, then, is to control the 
factors affecting liquid or watertight- 
ness of the cement-water paste through 
which deleterious substances must find 
their way. Watertightness in a large 
degree determines durability. Con- 
crete may be usefully regarded as an 
ageregate mass held together by an 
active element consisting of a hardened 
paste of portland cement and water. 
If watertight concrete is required, this 
paste may be watertight. The pro- 
perties of the hardened paste depend 
on (1) the relative proportions of 
cement and water and (2) the extent 
to which the chemical combination 
between the cement and water is 
allowed to proceed. Merely sufficient 
water to complete hydration of the 
cement will produce a paste not plastic 
enough to be handled, but water in 
excess of the ideal amount for hydra- 
tion serves to dilute the mixture and 
ultimately, through withdrawal of the 
excess, to produce voids and lessen 
the watertightness and durability. 
Lack of plasticity, resulting in honey- 
combing, greatly increases the area 
presented to the attack of weathering 
or other destructive agencies, and 
hence mixes must not be too stiff. 
Overwet mixes conduce to segregation 
of materials with accompanying honey- 
combing. Accumulation of water and 
fine materials at the surface produces 
laitance, which is itself pervious, as 1s 
the concrete immediately below lait- 
ance seams. Uncombined water is a 
source of porosity, and since the richer 
mixes have less uncombined than the 
leaner mixes, the former are favored. 
As the size of the individual pore 
spaces required by the uncombined 
water affects permeability, a rich mix 
with its smaller total volume of pores 
distributed through the larger mass of 
paste, will have an advantage over a 
lean mix with a larger number of pores 
distributed through a smaller paste 
volume. Curing, which is a continu- 
ance of the chemical reactions, involves 
the entering of water into combination 
with the cement, and is beneficial 
through the reduction of uncombined 
water. Adequate curing affects the 
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development of strength, watertight- 
ness and other qualities governing 
durability more than any other single 
factor except the water-cement ratio. 
Such impermeability data as are avail- 
able show that watertightness of con- 
erete is directly affected by the water- 
cement ratio. Withey and Wiepking, 
in tests made at the University of 
Wisconsin, found that for properly 
placed and cured broken stone or 
gravel concrete, the permeability 
decreased as the compressive strength 
increased until the latter reached 2500 
Ib. per sg. in., when the concretes 
became watertight. Tests made by 
the Department of Industrial and 
Scientific Research, London, Eng., 
show that there is a relation between 
permeability and quantity of mixing 
water. For a 1:2:4 mix the permea- 
bility was least for about 6.7 U. S. 
gals. of water per 94-lb. sack of cement. 
In selecting the water-cement ratio for 
durability, the performance of similar 
structures must be considered in the 
light of available data on freezing, 
thawing and permeability. Recom- 
mended quantities of water per sack 
of cement are listed, having regard to 
various degrees of exposure, the con- 
crete being assumed as protected* from 
the loss of moisture for at least ten 
days at a temperature of 70° F. 
Changing either the water-cement ratio 
or the degree of curing does not alter 
the importance of the other. Within 
well defined limits, a particular strength 
or watertightness can be developed by 
several different water-cement ratios, 
provided the concrete in each case is 
given the appropriate degree of curing. 


—C. R. Youne 


Influence of mineral composition 
of aggregates on fire resistance of 
concrete. S. H. Ineprra. Proc. Am. 
Soc. Testing Materials, 1929, V. 29, 
Part 2, p. 824-829.—Fires and fire tests 
have shown a marked difference in 
fire effects on concrete made with 
different kinds of aggregates, which 
have been shown to be caused by 
differences in mineral composition of 
the aggregates involved. Four general 
groups are recognizable as it concerns 
such effects: (1) calcareous, (2) felds- 
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pathic, (3) granites and sandstones, and 
(4) siliceous aggregates. The mineral 
composition of the coarse aggregates 
has a greater influence on the fire- 
resistive properties than that of the fine 
ageregates, due to the greater amount 
entering into the mix and possibly to 
the coarser gradation. For a consider- 
able range in fire conditions in buildings 
concrete can be made of any otherwise 
acceptable aggregates irrespective of 
mineral composition without danger of 
collapse of structural members from a 
fire completely consuming combustible 
contents and trim. For more severe 
fire exposures, the fire resistance of 
concrete subject to severe fire effects 
can be materially increased by placing 
metal ties or mesh in the outer portions 
of the concrete members or structural 
protections. Further improvement is 
obtainable by applying plaster or 
similar protections outside of the struc- 
tural concrete. Concretes made of 
aggregates in groups (1) and (2) will 
generally require no special provisions 
in their application. There is need for 
further work on the effect of the fine 
aggregate on fire resistance, the fire 
resistance of concrete made with mix- 
tures of aggregates of different mineral 
compositions, effect of impurities such 
as of silica in limestone, and the devel- 
opment of a standard test for fire 
resistance that will classify concrete 
with respect to fire resistance without 
reference to the type of structural 
member in which it is applied —From 
synopsis by Am. Soc. Testing Mater- 
ials. 


Influence of coarse aggregate on 
the durability of concrete. F. R. 
McMitran and Grorge W. Warp. 
Proc. Am. Soc. Testing Materials, 1929, 
V. 29, Part 2, p. 816-823.—A brief 
review is presented of the literature 
bearing on failure of aggregate of 
various types. Igneous, sedimentary 
and certain of the metamorphic rocks 
are discussed. Consideration is given 
to texture, structure and those impur- 
ities that may cause rock failure. 
Points to be guarded against in selec- 
tion of aggregate are pointed out.— 
(Irom synopsis by Am. Soc. Testing 
Materials.) 


The water absorption and pene- 
trability of brick. J. W. McBurney. 
Proc. Am. Soc. Testing Materials, 1929. 
V. 29, Part 2, p. 711-730.—This paper 
records the values obtained from the 
determination of water absorption and 
penetrability by a number of methods 
on a variety of makes of brick repre- 
senting a considerable range in pro- 
perties and methods of manufacture. 
The value of water absorption as a 
measure of resistance to frost action is 
discussed. The mechanism of water 
transmission through masonry is dis- 
cussed from the standpoint of absorp- 
tion properties of the units. On the 
basis of the data recorded and field 
observations it is considered that the 
water absorption or apparent porosity 
of brick is not a measure of resistance 
to climatic action in so far as differences 
in raw materials and methods of manu- 
facture are involved. However, for the 
same clay or shale and for the same 
method of forming, the difference 
between satisfactory and unsatisfac- 
tory weathering performance may 
usually be distinguished by difference 
in water absorption. It is believed that 
while Schurecht’s ratio (water absorp- 
tion, 48-hour cold immersion to water 
absorption, 5-hour boiling) is a much 
better measure of disintegration through 
freezing and thawing than is water 
absorption by any one method, it is 
not sufficiently reliable to furnish a 
basis for classification.—(From synop- 
sis by Am. Soc. Testing Materials.) 


Influence of quality of coarse 
aggregate on strength of concrete. 
F. C. Lana. Proc. Am. Soc. Testing 
Materials, 1929, V. 29, Part 2, p. 811- 
815.—The tests and characteristics by 
which the quality of coarse aggregate 
is ordinarily judged are enumerated. 
The effect of each of these properties 
on the compressive, flexural and tensile 
strength of concrete so far as could be 
found in existing published research 
data is shown. This information is 
taken from investigations which were 
primarily made for other purposes. No 
comprehensive published research data 
pertaining to this particular subject 
was found. Conclusions drawn from 
the data available are: 1. Coarse 
ageregate deficient in structural 
strength as shown by the abrasion test 
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has more effect on the flexural and 
tensile strength of concrete than on 
the compressive strength. 2. The 
absorption in itself has no effect on 
the strength of the concrete when the 
effective water-cement ratio is correctly 
used. 3. There are not enough data to 
warrant any conclusions as to the 
effect of shape and surface texture.— 
(From synopsis by Am. Soc. Testing 
Materials. ) 


Modulus of elasticity and Pos- 
son’s ratio for concrete, and the 
influence of age and other factors 
upon these values. Raymonp E. 
Davis and G. E. Troxeiu. Proc. Am. 
Soc. Testing Materials, 1929, V. 29, 
Part 2, p. 678-701—The paper de- 
scribes long-time laboratory tests made 
on plain concrete cylinders to determine 
the axial and lateral deformations pro- 
duced by axiai compressive stresses. 
Following the customary practice, the 
ratio of unit compressive stress to the 
corresponding total unit axial deforma- 
tion is designated as the secant modulus 
of elasticity even though the deforma- 
tions are not instantaneous in character 
and are not altogether elastic. The 
relation between lateral and axial 
strains accompanying compressive 
stresses in given by values of Poisson’s 
ratio. The tests were made to estab- 
lish the manner in which the modulus 
of elasticity and Poisson’s ratio are 
influenced by (1) richness of mix, (2) 
age of concrete, and (3) repeated loads. 
Supplementary tests were made to 
determine the influence upon the 
modulus of elasticity of (4) moisture 
content of the concrete, and (5) length 
of period of sustained load. The paper 
presents the results of these tests and 
discusses the findings. Among other 
things, it is shown that the stress-strain 
ratio or modulus of elasticity is less for 
a concrete when dry than when wet, 
under a sustained load is greater i1m- 
mediately upon application of load and 
continues to decrease for a long period 
of time, is not necessarily highest for 
the richest mix and strongest concrete, 
and increases quite rapidly with the 
age of the concrete for the first year but 
after three years the increase with time 
is small. Poisson’s ratio is greater for 
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low stresses than for higher ones, it 
increases somewhat with age up to 
about 114 years, after which it remains 
nearly constant, and does not seem to 
be influenced by strength of concrete 
or by richness of mix.—(From synopsis 
by Am. Soc. Testing Materials.) 


The tensile autogenous healing of 
portland-cement mixture. HerBert 
J. Gmuxny. Proc. Am. Soc. Testing 
Materials, 1929, V. 29, Part 2, p. 593- 
607.—In a former paper (cf. H. J. 
Gilkey, “The Autogenous Healing of 


Concretes and Mortars,’ Proc. Am. 
Soc. Testing Materials, 1926, Y. 
26, Part 2, p. 470) there were 


recorded considerable data upon com- 
pressive autogenous healing of portland- 
cement mortars and concretes. It was 
evident that, if compressive healing 
occurred, there must be tensile healing, 
since tensile, compressive and shearing 
resistance are, in general, but varied : 
manifestations of the same thing. While 
a preliminary test referred to in the 
earlier paper failed to produce evidence 
of it, subsequent experiments have 
shown that tensile autogenous healing 
is a reality for mixtures of portland 
cement and water, with or without 
ageregate of usual accepted kinds. 
Healing occurs under the same condi- 
tions as initial moist curing and is 
essentially but a continuation or a 
resumption of the normal curing pro- 
cesses. It is evidently not in the least 
due to redeposition of soluble salts in 
cracks, as has been sometimes supposed. 
Standard tensile briquets of widely 
varying water-cement and cement-sand 
ratios (from 0.20 to 1.20, and from neat 
cement to 1:5, respectively) have been 
completely severed as many as Six 
times at initial test ages of from 3 days 
to 27 months. All mixtures and condi- 
tions have shown measurable healing. 
Individual recoveries range from zero 
to 221 lb. at 3.5 months for a neat 
cement specimen initially testing 248 
lb. at 3 days. Severed fragments must 
be closely fitted, but the amount of 
pressure between the halves appears 
to be unimportant if the crack be kept 
closed. Healing will occur upon re- 
immersion after months of drying out. 
It occurs in either running or stagnant 
water. In general the extent of healing 
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is less after each successive retest, 
although there were many individual 
exceptions. The majority of the speci- 
mens gave no strength at the fifth or 
sixth breaking, although many carried 
a few pounds. Knowledge of tensile 
healing is of practical use in various 
connections and in addition it should 
contribute to a better understanding of 
concrete. The healing is not related to 
an interesting form of crack closure that 
often appears in sidewalks. This crack 
closure may be related to the surface 
disappearance of cracks in air-exposed 
concrete as noted by Abrams, Harley 
and Hollister.—(From synopsis by 
Am. Soc. Testing Materials.) 


Transverse test for concrete. 
Rock Products, Dec. 7, 1929, V. 382, 
No. 25, p. 60.—Preliminary work 
investigating influence of certain vari- 
ables in molding of concrete specimens 
carried out at U. 8. Bureau of Public 
Roads and reported by L. W. Teller, 
employed the following methods: (1) 
Rodding specimens with a 5% in. diam- 
eter round steel rod, using the standard 
method for molding compression speci- 
mens; (2) Identical with method 1 
except that each layer of concrete was 
rodded 50 times; (8) Spading with a 
spade 41% in. wide and 6 in. long. The 
concrete was placed in two layers and 
each layer spaded 20 times; (4) Identi- 
cal with method 3 except that each 
layer of concrete was spaded 50 times 
instead of 20 times; (5) tamping with a 
2x2-in. square wooden tamper; (6) 
Tamping with a 4x4-in. wooden tamper. 
The conclusions drawn are: (1) That 
both the rodding and spading methods 
used are equally satisfactory so far as 
strength, uniformity and ease of fabri- 
cation are concerned; (2) that the 
additional manipulation of methods 2 
and 4 over that of methods 1 and 3 
results in little or no improvement in 
the specimens obtained; (3) that the 
tamping methods are not as satisfac- 
tory as rodding or spading methods.— 
J. J. LAnpy 


Experiments about the influence 
of the addition of water on the 
apparent density and the compres- 
sive strength of concrete with 
pumice as aggregate. W. Brer- 
HALTER. Zement (Germany), Dee. 


1929, V. 18; No. 751, “p= 1466-41 
Pumice of a particle size from 0-20 
mm. was used as an aggregate for 
concrete. The determination of the 
moisture was very important for the 
requirement of water for normal con- 
sistency. The pumice contained from 
5 to 20 per cent moisture. The absolute 
porosity pa was calculated with the 


formula: pa = 100 X vs . CBE = 
2.36 = spec. gravity, r = .55 = appar- 
ent density). pa was 76.4 per cent per 
volume. The apparent porosity was 
calculated with the formula: pr = we 
xX r; (we = 53.0 per cent = water 
absorption in per cent of the dry 
weight). pr was 29.2 per cent per 
volume. This means that 34 of the 
volume consists of voids, but only 3/10 
of the total volume absorbs water. 
Testpieces were made with 1 part of 
cement, 2 parts of pumice from 0 to 5 
mm. and 5 parts of pumice from 5 to 
20 mm. particle size with a water addi- 
tion from 25 to 35 per cent. The 
correct water addition is 30 to 32 per 
cent which gives the highest apparent 
density. The differences between the 
apparent densities decrease with the 
age of the testpieces. The water addi- 
tion affects the compressive strength 
very much, 32) per cent give the 
highest strength. The hardening pro- 
cess proceeds very regularly.—A. E. 
BEITLICH 


The effect of zinc and zinc oxide 
on the initial set of cements with 
a slag base. (See Marseriats.) 


Influence of the different kinds 
of sand on the mechanical proper- 
ties of cement. (See MarTeEriats.) 


“Si-Stoff’ and trass as aggregates 
for cement and lime. (See Ma- 
TERIALS. ) 


Concrete construction during 
frost periods. (See Frztp Constrruc- 
TION.) 


Plastic flow in concrete arches. 
(See ENGINEERING Dxsian) 


A compression test for portland 
cement. (See MarTrEriAts.) 


Fine aggregate in mortar and 
plaster. (See Mareriats.) 
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ENGINEERING DEsIGN 
Dams 


Calderwood high arch dam de- 
signed with deep cushion pool to 
receive overflow. Hng. News-Record, 
Dec. 19, 1929, V. 108, No. 25, p. 954- 
958.—The main dam is a thin-section 
arch 230 ft. from lowest foundation to 
top of piers. The top 45 ft. of arch 
rings have a uniform radius and a 
uniform 25-ft. radial thickness. Below 
this level the radius decreases while 
erown thickness increases. Likewise 
radial thickness of arch ring varies from 
a minimum at crown to a maximum at 
the abutments. The upper portion of 
the dam supports 24 Stoney type gates 
25 ft. long and 20 ft. high which con- 
trol pond level and provide spillway 
area for 200,000 sec. ft. Gates are 
located at the downstream edge of the 
crest to add stability to the structure and 
also to deflect falling water as far as 
possible from the base of the dam. For 
construction purposes the dam _ is 
divided into radial blocks. Joints be- 
tween blocks are closed by metal strips 
and will be grouted in. Arch deflection 
tests are to be made of the entire dam 
under various loads as the reservoir 
fills. Hooks are being placed and auto- 
matic equipment installed to measure 
deflections and to obtain water and air 
temperatures. Strain-gage readings 
are to be made on 40 rosettes buried in 
the concrete on downstream side, giving 
readings in vertical, horizontal, and two 
diagonal positions. Ten automatic 
electric thermocouples are being buried 
in the concrete at various depths to 
obtain data on temperatures of concrete 
setting. Stresses were computed in 
accordance with theory of elastic work, 
neglecting the elastic work due to 
shear, by a rapid method of design 
developed by the company’s engineers. 


To protect downstream toe of main 
dam, a reinforced-concrete armor of 
3-ft. minimum thickness and concrete 
bucket deflectors were employed as 
well as a cushion pool, formed by 
means of a 40-ft. dam about 400 ft. 
down stream from the main dam. It is 
not curved in plan, but broken into 
three tangents, with a total crest 
length of 390 ft. The cushion pool will 
have a minimum depth of 35 ft. and a 
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maximum of 65 ft. during full flood. A 
240-{t. pressure tunnel has an intake 
structure of three vertical 15 x 24-foot 
gates. The first 220 ft. of tunnel is 
circular with a radius of 13 ft. 3 inches. 
The remainder has a 26 x 24 ft. section. 
The entire tunnel has a 12-in. minimum 
concrete lining. There are three pen- 
stocks at the lower end of the tunnel 
each carrying a steel pipe 16 ft. in 
diameter. At the head of the pen- 
stocks, a differential surge chamber, 
blasted out of solid rock, is unique 
feature. Surge shaft from tunnel to 
surge chamber is 18 ft. in diameter, has 
a 51° slope upward, and is of concrete. 
Surge chamber is 124 ft. long, 30 ft. 
wide, and from 42 to 55 ft. high. 
Three reaction type turbines of 56,000 
H. P. capacity each are being installed 
in the power house on river bank.— 
NEEL Rox 


Design and construction of Big 
Dalton multiple arch dam. E. C. 
Eaton. Eng. News-Record, Dec. 26, 
1929. V. 103, No. 26, p. 994-997.— 
Dam on the Big Dalton wash, about 
30 miles east of Los Angeles, is of 
multiple-arch type with six arches sup- 
ported by double wall buttresses, the 
highest one being 145 ft. above stream 
bed and 180 ft. above lowest founda- 
tion. The slope of the arch crown is 9 
horizontal to 10 vertical and thickness 
of the highest arch varies from 5 ft. at 
base to 2 at top. Buttresses are 60 ft. 
center to center, and the highest 
buttress has walls 4 ft. 6 in. thick at 
ground level separated by a 5 ft. 6 in. 
space. This section gradually changes 
to a 2 ft. wall-thickness and a 10-ft. 
space near the top. Below ground level 
buttresses are solid with spread foot- 
ings. Vertical stiffener walls, provided 
between the two buttress walls, are 1 ft. 
6 in. thick spaced at 30 ft. intervals, 
and a concrete slab 2 ft. thick closes 
the downstream end of the buttresses 
and provides additional stiffness. Hach 
buttress is considered to act as a series 
of H-section columns with a column 
ratio for the highest buttress of about 
14 to 165 or approximately 1 to 12. No 
horizontal struts are deemed necessary. 
The two main limitations in the design 
were a maximum foundation pressure 
of 150 lb. per sq. in. and a minimum 
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concrete thickness of 24 in. Arches 
were designed by two current methods: 
Maximum compressive stresses in the 
arch due to combined water pressure 
and rib shortening are approximately 
570 lb. per sq. in. at the intrados of the 
lowest arch. Load conditions as indi- 
cated by the design do not produce 
tension in the arches. 

Two contractions joints were em- 
ployed in each buttress parallel to the 
direction of principal stress. These 
planes of weakness are to localize 
possible cracks due to shrinkage or 
other tension stresses. Reinforcing was 
unusually heavy, amounting to 44.57 
lb. per cu. yd. of concrete in the arches 
and 29.34 lb. per cu. yd. in the butt- 
resses. Gravity abutments 5 ft. wide 
at the crest and with slopes correspond- 
ing to buttress slopes were substituted 
for arch rings because of heavy over- 
burden and poor material encountered 
on one side. Steel centering was used 
to support the intrados arch forms. 
Only one hoisting tower was necessary. 
Strain-gage measurements were made 
on buttress reinforcement and over 
each diagonal contraction joint. Gage 
lines were installed after the joint had 
opened about 0.001 in. Subsequent 
measurements showed that the joint 
opened in cold weather and closed in 
warm; the largest movement was about 
0.001 in. in addition to the original 
opening. This movement, had the 
contraction joint been omitted, would 
have caused tensile stresses of about 
100 lb. per sg. in. Plaster of paris 
painting of joints showed fine hair 
cracks. No other cracks have appeared 
in the dam to date although tempera- 
ture changes of from 30 to 100° have 
occurred. The contraction joint has 
so far fulfilled the design requirements. 
Design and construction were under 
the general supervision of the author. 
—N. H. Roy. 


Bridges 


Plastic flow in concrete arches. 
Lorenz G. Straus. Proc. Am. Soc. 
C. E., Jan., 1930, V. 56, No. 1, Papers 
and Discussions, p. 49.—Mr. Straub 
calls attention to the fact that such a 
material as concrete violates the usual 
elasticity assumptions in two important 
respects: 1. There is hysteresis or 


flow under load. 2. The ratio of 
stress to elastic strain is not constant. 
In the analysis of indeterminate struc- 
tures these violations of Hooke’s Law 
have usually been ignored. Efforts to 
allow for them have been crude. The 
investigations show that precise meas- 
urements of strain will often lead to 
wrong conclusions if these factors are 
not correctly considered. In a highly 
mathematical treatment, the writer has 
evolved methods of analysis that are 
termed “the theory of plasticity” and 
“the proposed theory of elasticity.” 
They are developed in connection with 
arches but are of general application. 
From the writer’s studies the following 
conclusions are drawn: (1) It is mcor- 
rect. to assume that in general plastic 
flow in statically indeterminate con- 
crete structures causes a redistribution 
of bending moments tending to relieve 
the overstressed parts of the structure. 
(2) External disturbances of an inde- 
terminate structure such as settlement 
of a support, temperature changes or 
shrinkage, will produce some redistri- 
bution but will not fully restore the 
original state of equilibrium. Without 
external disturbances plastic flow will 
progressively alter deformations but 
will have little effect on moment dis- 
tribution. (3) Barring possible dis- 
turbances from reinforcing steel, there 
are advantages in removing the center- 
ing at an early age. The total rib 
shortening will be greater but the 
resulting stresses will be less. (4) In the 
writer’s studies of data, plastic flow 
caused the line of thrust to approach 
the center axis. The reverse appears 
to be possible under suitable condi- 
tions. (5) For purposes of analysis of 
rib shortening stresses, it is important 
to distinguish between shrinkage, tem- 
perature, and elastic deformation on 
the one hand and plastic deformation 
on the other. (6) The violation of 
Hooke’s Law does not greatly affect the 
moment distribution but for rib- 
shortening and temperature changes 
the usual methods may be greatly on 
the side of safety. (7) For small struc- 
tures, the usual methods of analysis are 
probably satisfactory, but the new 
theories are needed in the case of im- 
portant statically indeterminate struc- 
tures.—H. J. GinKry 
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Bridge at Bayview Heights— 
Toronto. H. A. Bascock. Can. Eng., 
Dec. 31, 1929. V. 57, No. 27, p. 845.— 
Bayview Heights bridge over Don 
River, Toronto, consists of a 335 ft. 
earth fill between concrete retaining 
walls, a section of reinforced concrete 
slab, beam and girder design 125 ft. 
long, and a 735 ft. section made up of 
5 spans of steel truss construction 
carrying a concrete deck and supported 
by concrete towers resting upon Ray- 
mond concrete piles. Concrete deck 
consists of roadway 24 ft. wide sur- 
faced with asphaltic concrete with 6 ft. 
sidewalks on each side. Concrete 
towers or piers each consist of 4 
rectangular reinforced concrete columns 
supported at three levels with deeply 
haunched stay girders—G. M. Witt- 
IAMS 


Railway br.dge has novel center 
pier. Engineering and Contracting, 
Dec. 1929, V. 12, No. 12. p. 522.—A 
bridge of ingenious design is situated on 
the new Nice-Conti line of the Paris, 
Lyons & Mediterranean Ry., at the 
crossing of the steep, narrow gorge of 
the Brevera River. The span is about 
300 ft. Since the crossing is a skew 
crossing, it was found possible to 
construct a concrete arch, spanning 
between the walls of the gorge, at right 
angles to the centerline of the bridge 
and at the center of the 300-ft. span. 
Arch is 49 ft. high and has an 82-ft. 
span. <A bridge seat at the crown 
serves as the center support for two 
steel lattice girders 147 ft. 8 in. long.— 
ING ELON. 


Bridge at Mill Hill. Con. Constr. 
Engr. (England), Dec. 1929, V. 24, No. 
12, p. 738-740.—Two sets of precast 
reinforced concrete main girders with 
precast reinforced deck slabs were used 
for spans over double railway tracks 
in the five-span structure on Watford 
by-pass. Girders were designed as 
freely supported under their own weight 
and that of slabs. Reinforcing bars in 
precast members left projecting from 
girders lap with bars in remaining girder 
spans cast in place, enabling design on 
the basis of continuous girders for dead 
load on the remaining spans and entire 
structure as continuous for live load 
conditions. Main girders with 70 ft. 
span are 6 ft. on centers and 2 ft. 244 
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in. below deck slab, with no secondary 
beams. Reinforced concrete deck slab 
is covered with plain concrete varying 
from 12 in. at crown of 30 ft. roadway 
to 6 in. at edge. Abutments, wing 
walls, and piers are mass concrete with 
foundations 10 ft. below rail level. Pre- 
cast girders were handled on small 
underearriages on narrow gage tracks 
and lifted by locomotive crane to 
concrete bearing pads cast on top of 
piers.—D. F. Jmnnincs 


Pier construction for the Mid- 
Hudson bridge at Poughkeepsie, 
New York. (See Fre~np Consrruc- 
TION.) 


Miscellaneous Structures 


Basement walls and floors. Con- 
crete, Dec., 1929, V. 35, No. 6, p. 43-48. 
This article is a brief and practical dis- 
cussion of the design and construction 
of concrete footings, floors and retain- 
ing walls. Discussion includes compu- 
tation of footing loads, dimension of 
footings, forms for monolithic founda- 
tions, correct concrete mixes, water- 
tight concrete walls, floor finishing, and 
placing and curing of concrete.—D. E. 
LARSON 


Augmented steel’ N. B. Carson. 
Structural Engineer (England), Dec. 
1929, V. 7, No. 12, p. 476-478.—The 
term ‘augmented steel’? has been 
applied to a type of concrete-encased 
structural steel in which the concrete 
as well as the steel has been used in 
determining the strength of the mem- 
ber. A recent building in Glasgow 
employed 50 tons of steel including 
structural shapes and reinforcement 
when so figured, in place of 73 tons 
which would have been required if the 
conerete had been assumed merely as 
so much additional dead load to be 
carried by steel framework. A single 
test T-beam, crudely loaded, carried a 
load of three times the calculated safe 
load without failing or showing a 
permanent set.—V. P. JENSEN 


Subsidence under tidal pressures. 
O. Arup. Structural Engineer (Eng- 
land), Dec., 1929, V. 7, No. 12, p. 
480-482.—Failure of a retaining wall 
reported in the September issue as due 
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to “subsidence under tidal pressures” 
was simply an instance of improper 
design. Reinforced concrete angle re- 
taining wall supported by two rows of 
vertical or nearly vertical piles can be 
successfully employed only when there 
is sufficient earth in front of the wall to 
prevent the wall from gliding forward. 
One way to ensure the stability of a 
wall where there is insufficient passive 
earth pressure in front is to anchor it 
back by aid of ties connected to anchor 
blocks or continuous anchor beam at 
the back. Another method is to drive 
all the piles in the direction of resultant 
of vertical and horizontal pressures due 
to the weight of the wall and the pres- 
sures acting upon it. Practically this 
mears driving the various rows of piles 
at different angles. Another method is 
to raise the level of the horizontal slab 
and construct the front wall below the 
slab as a sheet wall.—V. P. Jensnn 


Welland shipcanal. Can. Eng., Dec. 
igi 929. ie Vio aN Or 20,e Dao Uat— 
Welland ship canal 25 miles long be- 
tween Port Welland and Port Colborne, 
Ont., on shore of Lake Erie, will be 
completed in 1930. Includes concrete 
locks each having lift of 46% ft., built 
for a 30 ft. draft. Construction 
involves use of 3,516,000 cu. yd. of 
concrete of all classes. No details cov- 
ering concrete materials or practice.— 
G. M. WILiIAMs 


Large gravel pits at Hatton. 
(See Fretp ConsTRucTION) 
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The New Architectural Medium 
—Concrete. Frreprrick A. Hanson. 
Architect and Engineer, Jan., 1930, V. 
100, No. 1, p. 89-98.—‘‘It is not wholly 
surprising that in California, the land 
of many unusual things, a significant 
architectural development should have 
taken place within recent years. . . 
So it is that concrete—a powerful 
structural medium—has been adopted 
by Pacific Coast architects and trans- 
figured to serve their purposes. A very 
remarkable transformation, this, but 
after all, a logical one. For there is 
beauty in honest strength. It remained 
only for architects to understand and 
develop the infinite possibilities of 
concrete as a medium for architectural 


expression. It is, indeed, a major 
event, the coming forth of concrete into 
a primary architectural position. It 
places at the command of the artist a 
material of very great adaptability and 
it presages much in the improvement 
of concrete itself. As a structural 
material it achieved an extensive use 


years ago, but, as with other materials, 


in a lowly utilitarian station. The 
dignity, nobility, and aspiration of the 
recent ecclesiastical uses of concrete 
are not be be found in its beginnings. 
Hitherto, the fact that concrete was 
either to be concealed or was 
left indifferently exposed to view on 
alley or property line, led to carelessness 
in construction methods, to slipshod 
ferm work and sloppy mixtures that 
many times were appalling in their 
ugliness. Who has not seen the story 
of carelessness written in concrete 
walls? Again on the other 
hand, who has not seen walls which, 
though devoid of relief, in the 
sound, unvarying quality of their con- 
crete and in the impressed record of the 
forms, testify to work done with all the 
skill and with all the spirit which good 
workmen have ever shown? It is with 
concrete of such a character, the physi- 
cal nature of which is not different in 
one part of the work from its nature 
somewhere else in the structure, that 
the successful new work has been done. ~ 
Plastic, mobile, sensitive to the most 
trifling variations of form and surface 
with which it comes in contact; yet in 
a few hours losing these properties 
forever, here is a material to engage the 
interest and fascinate the imagination. 
With textures and surfaces fresh with 
the natural variety of form boards, with 
random slight imperfections of plane 
and with line warm with the suggestion 
of the human hand and touch, with 
simple or elaborate ornamentation 
made integral with the structure. : 

and with an incomparable adapta- 
bility to mass effects, concrete has 
attained an architectural development 
and recognition warranted by its own 
inherent worth. It may be “fashioned 
to the heart’s desire.” Yet another 
impelling reason for its use is the satis- 
fying honesty and sincerity of this con- 
struction. It is the structural frame 
itself which stands revealed, uncon- 
cealed and unashamed, and upon which 
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the architect exercises his ability of 
shaping mass, line, and ornament. It 
is the structural frame which meets the 
eye, not that which appears to be the 
structural frame. In what indefinite 
and subtle manner this distinction be- 
tween the actual and the apparent is 
expressed is not always easy to explain, 
but the distinction, none the less, exists 
and declares itself. It can be for no 
other reason than that, from its begin- 
nings, architectural criticism has ever 
emphasized its virtues of honesty and 
sincerity in construction. . . . It 
is hazardous to prophesy, yet it would 
appear that this architectural use of 
concrete will soon find a general and 
wide acceptance. That this should be 
is but the logical consequence of proven 
and demonstrated success.” (Ab- 
stractor’s Note: The article is illus- 
trated by the Wiltshire Professional 
Bldg., Richfield Oil Bldg., First Baptist 
Church, St. John’s Church, Church of 
the Precious Blood, and the Ebell 
Club, all in Los Angeles.) —RErxrorp 
Nrwcoms 


New viewpoints for the preven- 
tion of fire catastrophes by means 
of constructive and fire preventing 
installations. (See Frmtp Construc- 
TION.) 


FieLp CoNSTRUCTION 
Bridges 


Pier construction for the Mid- 
Hudson bridge at Poughkeepsie, 
New York. James W.  Ro.tins. 
Journal of the Boston Society of Civil 
Engineers, Oct., 1929, V. 16, No. 8, p. 
423 to 448.—The plan for the sus- 
pension bridge at Poughkeepsie, for the 
Dept. of Public Works, State of New 
York provided for a river span of 
1500 ft., two shore spans of 750 ft. and 
a clearance above the river of 135 ft. 
Construction of two river piers 60 ft. 
wide, 130 ft. long and extending in one 
ease to 135 ft. and the other to 115 ft. 
below the water level. The open 
caisson method was to be followed, 
using special caissons designed by the 
engineers. ~ 

The caissons consisted of an outside 
concrete shell with reinforced concrete 
cross and longitudinal walls making 
25 pockets of full size from top to 


February 1930 39 


bottom. The bottom 21 ft. of the 
cassion acting as a cutting edge, was 
provided with a 14-1. steel shell and 
structural steel bracing. These pockets 
were provided with false bottoms of 
timber to be removed later. 

The bottom sections of the cassions 
were built at Staten Island, towed to 
the side and there the concrete for the 
walls was placed in 16 ft. lifts as the 
cassion sank. The forms were of wood 
and were made in 16 ft. high by 15 ft. 
long sections on shore, taken to the 
cassion and bolted to the structural 
steel framework. Concrete was placed 
from a floating plant mounted on a 
car float 40 ft. wide and 120 ft. long. 
Aggregates were received by scows and 
unloaded to a storage bin on the car 
float using a clam shell. Cement was 
received in covered barges from a 
cement mill 40 miles up river and un- 
loaded by belt conveyers delivering to 
two l-yd. mixers. Belt conveyers were 
used at first to place the concrete in the 
walls but the movement of the barges 
caused difficulty in their operation and 
so chuting was adopted. When the 
East pier came to rest on the river 
bottom considerable difficulty was 
encountered in trying to remove the 
false bottoms and to get the caisson to 
sink further. After the cutting edge 
was 10 ft. into the river bottom, the 
bottom broke and the caisson sank 
suddenly 30 ft. and tilted to an angle of 
43° to the east leaving only one side 
above water. Three months were spent 
trying to right the caisson without 
success. The contractors were then 
allowed to try a plan they had evolved 
which consisted of the application of a 
turning couple and excavation under 
the high side. The righting couple 
was produced by a horizontal pull, by 
counterweights, by the addition of 
concrete on the high side and by lifting 
on the low side. This plan was suc- 
cessful and the caisson was finally 
righted about a year after it first tilted. 
Trouble was encountered in sinking the 
West caisson as soon as the first section 
of the false bottom was removed. The 
caisson took a list to the southwest and 
while attempting to correct this by 
removing the false bottoms in other 
pockets, the caisson moved 7 ft. to the 
west. This condition was corrected by 
a surcharge of rock which gradually 
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forced the caisson back into position as 
the regular procedure of sinking con- 
tinued. 

After the caissons were down to 
grade and the foundation concrete 
placed, the pockets were filled under 
water in a continuous pour of from 600 
to 800 cu. yd. per 24 hours using a 
2-cu. yd. submarine bucket. At the 
completion of this 86-ft. pour, work 
was stopped until the next spring. 

When the new work was started, 
which was to be done in the dry using 
a removable cofferdam, it was found 
that there was from 20 to 30 ft. of 
mud, silt and laitance on the old pour 
which was so hard jack hammers had 
to le used in its removal. Work was 
completed to grade without further 
difficulty. In all 72,300 cu. yds. of 
concrete and 700 tons of reinforcing 
steel were placed.—Mites N. Criarr 


Bridge at Mill Hill. 
EERING DesiGn.) 


(See ENnGIn- 


Dams 


Island Falls hydro power develop- 
ment. F. 8S. Sma. Can. Eng., Dec. 3, 
1929, V. 57, No. 28, p. 765.—Hydro 
power development, initial capacity 
44,500 H. P. ultimate 80,000 H. P. now 
under construction at Island Falls on 
Churchill River about 60 miles from 
railroad is most northerly power 
development in Canada. Main dam is 
of concrete gravity type with four gate 
controlled under sluices 12 ft. wide and 
24 ft. high, and 16 stop log controlled 
spillway openings each 15 ft. 6 in. wide. 
Also a concrete gravity spillway dam 
with 46 stop log controlled openings. 
Concrete in power house superstructure 
main dam and_ spillway dam total 
80,000 cu. yd. Walls of power house 
made of concrete blocks molded at site. 
Materials were freighted in by water 
during summer and over land in 
winter.—G. M. WILLiamMs 


Design and construction of Big 
Dalton multiple arch dam. (See 
ENGINEERING DESIGN.) 


Roads 


Road construction without de- 
touring. W. A. Van DuzEr. Eng. 
News-Record, Dec. 5, 1929, V. 103, No. 


23, p. 884-885.—Preliminary study of 
conditions governing the improvement 
of Lincoln Highway section showed one 
of most important factors affecting 
delay to traveling public at given opera- 
tion was length of roadbed over which 
single file traffic had to be maintained 
in avoiding long detours in the absence 
of parallel road. Opening of Penn- 
sylvania pavements to traffic is based 
upon modulus of rupture developed by 
test beams molded simultaneously with 
pavement. Minimum set for this 
project was 550 lb. secured in 10 to 14 
days with standard paving mix of 
1:2:314 standard portland cement con- 
crete. Conditions required high early 
strength concrete for equivalent to 10 
ft. strip 15 miles long. High early 
strength portland cement was used 
on first strip and two-way traffic main- 
tained at all times except in immediate 
vicinity of mixer, concrete more than 
24 hours old being used for one traffic 
lane and subgrade for other. Sections 
of high early strength pavement alter- 
nated with standard concrete in second 
half-width of highway. Test beams 
poured daily were tested in 24 hours for 
high early strength and at periods from 
10 to 14 days for standard concrete. 
All 24-hour concrete was cured by use 
of 2 thicknesses of saturated burlap 
placed as soon as concrete had hard- 
ened sufficiently and concrete was kept 
wet for 24 hours after which curing 
ceased and pavement was opened to 
traffic. A 2 per cent solution of calcium 
chloride was used in mix of normal 
concrete and pavement kept wet for 24 
hours assisted by burlap covering, 
after which it was allowed to cure with- 
out further wetting until tests indicated 
sufficient strength to permit its use by 
traffic. Conclusion based upon studies 
during construction was that method 
would have been economical even for 
lower traffic volumes. Added expense 
of carrying vehicles over right-of-way 
would have been justified for average 
daily traffic volumes as low as 800 
vehicles, one third of that shown by 
traffic count on this road. Work was 
carried out under directions of H. E. 
Kloss. J. I. Dick was contractor en- 
gaged in planning details and execution 
of work.—D. F. Jennines 


we, 
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Miscellanous Structures 


Heavy construction on new line 
of L.& N.R.R. Eng. News-Record, 
Dec. 12, 1929, V. 103, No. 24, p. 916- 
919.—Construction of tunnels on 134% 
mile branch through Cumberland 
Mountains in Kentucky involved con- 
crete linings with materials obtained 
244 miles from site of work and dumped 
from main line above tunnel portal. 
One-yard mixer plant on top of ap- 
proach cut at Hagan’s tunnel was 
charged from dump cars on overhead 
trestle, cars being loaded from stock 
piles by stiff leg derrick with clamshell 
bucket. Concrete was placed by hand 
from standard flat car carrving scaffold 
and platform at two levels. Concrete 
was conveyed from mixer to cars in 
hopper bucket hanging from carriage 
and operated on 45° incline by air 
hoist. Scaffold car was handled by 
standard locomotive and forms com- 
pletely rebuilt for every pour. Pneu- 
matic concrete-placing machine is to be 
used in completing lining. All plant 
and equipment was dragged over hills 
by tractor to working sites. Water- 
ways and existing mine structures were 
crossed by permanent structures involy- 
ing concrete bridges. Three 70-ft. 
arches required a 3-mile temporary 
standard gage railroad from spur line. 
Several bridges on connection between 
lines near Hagans were constructed of 
concrete mixed by plant at south 
Hagans portal and transported in 
hopper mounted on flat car.—D. F. 
JENNINGS 


New underground railway offices, 
St. James Park. Discussion, Major 
F. M. Du-Puat-Taytor AND OTHERS. 
Structural Engineer, (England), Dec., 
1929, V. 7, No. 12, p. 469-473.—In 
using tubular piles in which the tube 
was withdrawn after the concrete had 
been cast, previous experience had 
shown that when a strata of peat was 
penetrated a distinct “waist” formed 
in which the concrete was compressed 
from a 15-in. to a 6-in. diameter. 
Other difficulties were displacement of 
the reinforcement and segregation due 
to placing concrete from a great height. 
In the Vibor piles, which were used for 
the Underground Railway Office, rein- 
forcement was kept central by barbs 


. engine. 
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spreading out from the hoops to the 
inside of the tube, the barbs having been 
spaced 10 in. on center on each main 
bar. When very long Vibro piles were 
necessary they were made up in two 
parts. Concrete placed by the Vibro 
system did not show indications of 
segregation in piles up to 30 ft. in 
length, which were dug out. A “waist’’ 
is unlikely to form in strata other than 
peat, which has the consistency of 
India rubber.—V. P. Jensen 


Storm protection for lakefront 
building in Chicago. Eng. News- 
Record, Dec. 12, 1929, V. 108, No. 24, 
p. 920-921.—Concrete bulkhead of 
wave—deflecting type built along lake- 
front property line encloses old struc- 
ture of wood piles and sheeting capped 
by low concrete wall. Line of 20-ft. 
interlocking steel sheet piling driven 
through sand into clay and left pro- 
jecting 18 in. above water level formed 
the face of a 6-ft. trench excavated 
down to clay. Tamped and puddled 
sand and broken rock were filled to 
2-ft. below water level for foundation 
for reinforced concrete wall. Reinfore- 
ing rods were anchored to steel sheet 
ing. Sloping surface of front of wall 
curves outward. Top of old curb wall 
was partly broken away to provide 
rough surface for bonding with new 
concrete.—D. F. JENNINGS. 


Transit system of mixing con- 
crete—Toronto, Can. Eng., Dec. 31, 
1929. V. 57, No. 23, p. 775.—Toronto 
Ready Mix Concrete Co. Ltd. has 
established a bunkering plant for sup- 
plying materials to the Paris transit 
mixer. Aggregates stored in elevated 
bins of 400 cu. yd. capacity and pro- 
portioned by Johnson weighing batch- 
ers. Cement is conveyed by electrically 
operated screw conveyor and propor- 
tioned by same type of weighing 
batcher. Filtered water with provisions 
for heating is supplied through measur- 
ing tanks. For winter operation aggre- 
gates are heated by grillages of 2-in. 
perforated pipe and water tanks on 
truck are heated by exhaust gas from 
In operation aggregates and 
cement are fed to mixer drums while 
rotating and truck water tank is sup- 
plied with necessary quantity. Five 
minutes before arriving at destination 
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truck operator starts drum revolving 
and opens water valve. Preliminary 
study of local materials together with 
complete control of batch quantities 
and frequent tests of finished output as 
delivered result in production of uni- 
form quality concrete of any desired 
grade.—G. M. WILLiams 


Large gravel pits at Hatton. 
Joun E. Apams. Conc. Constr. Eng. 
(England), Dec. 1929, V. 24, No. 12, p. 
701-708.—Structures completed for 
operation of large gravel deposit pro- 
vide crusher installation separate from 
main plant with separate storage bins 
and bunkers. Reinforced concrete 
ground storage bins have 15 ft. back 
wall and 6 ft. front wall connected by 
cross walls. Other concrete work 
includes settling tanks and conveyor 
pit. Water caused main difficulty in 
‘foundation and pit work. Ransome 
sheet piles were driven around site of 
pit and timbered trenches along side 
piling led to sump from which water 
was pumped. Mass concrete 3 in. 
thick was deposited over entire bottom 
of pit and sump pump operated all 
night until concrete had hardened. 
Steel reinforcing was placed at night 
and reinforced concrete floor placed 
next day. As soon as first 3 ft. 6 in. 
lift of side wall forms was erected, 
concrete was placed and water was 
allowed to remain inside pit to counter- 
act buoyancy until pit could he finally 
held down by ballast on projecting toe 
around deepest part. Side walls of 
pit were designed as cantilevers con- 
tinuous with bottom, and end wall as 
horizontal beam spanning between ends 
of side walls. Front walls of overflow 
bins were designed as cantilevers and 
back walls partly to span horizontally 
between cross walls and partly to act as 
cantilevers near the bottom. Forms 
for bins were made in 15 ft. lengths, 3 ft. 
9 in. deep held in place by carefully 
aligned vertical timers. On completion 
of walls of settling tank, sump was 
filled by placing concrete through pipe. 
Rapid hardening portland cement was 
used throughout in proportions 1:24: 
416. Reinforced concrete work was 
designed by the author.—D. F. Jmn- 
NINGS 


New viewpoints for the preven- 
tion of fire catastrophes by means 
of constructive and fire preventing 
installations. Dr. Noutr. Zement 
(Germany) Dec. 1929, V. 18, No. 49, 
p. 1421-3—Outlines are given of 
methods for preventing fire catas- 
trophes. Iron or steel structures ‘must 
be protected sufficiently by masonry. 
Ceilings should be built of fire resisting 
material and not of wood.—A. E. 
BErtLicH 


Modern concrete distributing ar- 
rangements. Houz. Zement (Ger- 
many) Dec. 1929, V. 18, No. 49, p. 
1424-5.—A modern cable crane for the 
construction of a dam is described. 
The crane was built under unfavorable 
surface conditions and handled 2000 
cu. meters of concrete daily.—A. E. 
BrErrLicu 


Something about the practice of 
solid constructions. Luz Davin. Ze- 
ment (Germany) Dec. 1929, V. 18, No. 
48, p. 1396-1401.—Examples are given 
showing how small mistakes in the con- 
struction of buildings can be of great 
importance to the durability of the 
material.—A. E. Beitlich. 


Concrete construction during 
frost periods. A. DanLGREN. Zemeni 
(Germany) Dec. 1929, V. 18, No. 50, p. 
1446-7.—A traveling crane base was 
built during a strong frost. The 
influence of the addition of NaCl to the 
water on the compressive strength and 
the setting time was studied. An 
addition of 5°to 10 per cent gave the 
best results without any considerable 
effect on the compressive strength. 
Additions of 10 to 30 per cent decreased 
the strength very much. The’ temper- 
ature during the construction was from 
0° to —17.7° C.—A. E. Berriicu 


SHop MANUFACTURE 


Manufacture of art objects of 
colored cement. GrorGeE Ricn. Rock 
Products, Dec. 21, 1929, V. 32, No. 26, 
p. 113.—Part III of series on manufac- 
ture of concrete tile inserts for metal 
backgrounds deals with tile table tops 
made of mixture of 1 part portland 
cement to 3 parts sand. Designs are 
first cut out of cardboard and used for 
preparing the molds of casting plaster. 
—J. J. LaAnpy 


™_— 


ABSTRACTS 


of the current literature of cement and concrete 


PREPARED UNDER THE DIRECTION OF THE 
AMERICAN Concrete INSTITUTE 
COMMITTEE ON ABSTRACTS 


J. C. Wirr, Chairman, (Materials) 

H. F. Gonnerman (Properties of Concrete) 
F. E. Ricwartr, (Engineering Design) 
Rexrorp Newcomes (Architectural Design) 
THEODORE CRANE (Field Construction) 

W. D. M. Atuan (Shop Manufacture) 


EDITED BY DWIGHT F. JENNINGS 


ApsTrActors Tuis MontH 
F. O. AnpErRxEGG, Senior Industrial Fellow, Mellon Institute of Industrial 
Research, University of Pittsburgh, Pittsburgh, Pa. 
C. BacuMann, Editorial Dept., Concrete, Chicago, Ill. 
A. E. Burruicn, Whiting, Ind. 
A. A. Bristmater, University of Illinois, Urbana, Ill. 
Miss N. Cratr, Vice-Pres., The Thompson-Lichtner Co., Boston, Mass. 


H. J. Girxey, Associate Professor of Civil Engineering, University of Colorado, 
Boulder, Colo. 


A. J. Hoskin, Editor, Pit and Quarry, Chicago, Il. 

F. H. Jackson, U.S. Bureau of Public Roads, Washington, D. C. 
Dwiaut F. Jennines, American Concrete Institute, Detroit, Mich. 
V. P. JensEN, University of Illinois, Urbana, IIl. 

J. J. Lanpy, Associate Editor, Rock Products, Chicago, Ill. 

D. E. Larson, University of Illinois, Urbana, Iil. 


Rexrorp Nrewcoms, Professor of the History of Architecture, University of 
Illinois, Urbana, Ill. 


F. E. Ricuart, Research Associate Professor of Theoretical and Applied 
Mechanics, University of Illinois, Urbana, IIl. 


N. H. Roy, University of Illinois, Urbana, II]. 


Stanton Walker, Director, Engineering and Research Division, National Sand 
and Gravel Association, Inc., Washington, D. C. 


G. M. Williams, Professor of Civil Engineering, University of Saskatchewan, 
Saskatoon, Saskatchewan. 

C. R. Youne, Professor of Civil Engineering, University of Toronto, Toronto, 
Ont., Canada. 


43 


44 JoURNAL OF THE AMERICAN CONCRETE INSTITUTE 


MATERIALS 


ADMIXTURES 


Concerning Admixtures. Roy 
Cross. Concrete, Jan. 1930, V. 36, 
No. 1, p. 37.—The term ‘‘admixture”’ 
has been applied to a variety of sub- 
stances having considerable variation 
in properties, but in general it is ap- 
plied to powdered admixtures designed 
to improve the handling of concrete. 
The following outline suggests, in order 
of importance, the required character- 
istics of acceptable admixtures: Ad- 
mixture should (1) have the property 
of imparting improved workability to 
the concrete; (2) result in better con- 
crete in terms of uniformity of the 
mixture, lack of segregation, etc.; (8) 
impart all possible desirable properties 
with minimum quantity of materials; 
(4) have no deteriorating effect on con- 
crete; (5) be available at a cost that 
will not materially increase cost of 
concrete.—C. BACHMANN 

Lime and hydrate in 1929. Rock 
Products, Jan. 4, 1980, V. 33, No. 1, p. 
113.—Significant developments of the 
past year in review. Five illustrations. 
—J. J. LANpY 


AGGREGATES 


The influence of the leaching of 
testpieces during the water stor- 
age. G. KaTurnin. Zement (Germany) 
Jan. 1930, V. 19, No. 1, p. 2-8.—Ex- 
periments were made to study the in- 
fluence of the structure of aggregates 
on the value of mortars. The process 
of swelling and shrinkage of testpieces 
by storage in water under different 
conditions was observed. The test- 
pieces were made from 1 part of port- 
land cement or high alumina cement 
and 1 part of different aggregates com- 
posed of equal parts of 0.2-0.086 mm. 
and 0.086-0.0 mm. particles. The 
aggregates were quartz, granite, quartz 


porphyry, pumice, trachyte, horn- 
blende granite, basalt, serpentine, 
limestone, marble and kaolin. The 


testpieces were stored one week in 
moist air, 9 weeks in dry air, 4 weeks 
under water, 6 weeks under lime-water 
and finally 3 weeks in water. The 
temperature was 20°C. The variations 
in length were measured and it was 


found, that swelling took place in lite- 
water while the samples shrank in 
ordinary water. The variations of the 
samples with high alumina cement were 
smaller than those with ordinary port- 
land cement.—A. E. Brrriicn 

The concrete aggregates. OTTO 
GassnER. Zement (Germany), Jan. 
1930, V. 19, No. 1, p. 9-13.—Specifica- 
tions for different concrete aggregates 
are given as natural rock, volcanic 
rock, cinders and blast furnace slag. 
The different gradings, their chemical 
properties and their behavior in heat 
and frost are described.—A. E. Burt- 
LICH 

Uniformity of specific gravity and 
absorption tests of aggregates. D. 
O. Wootr. Nat. Sand Gravel Bul., Jan. 
1930, V. 11, No.1, p.. 13-14--(Re- 
printed from Public Roads, Oct. 1929.) 
Comparison of results of different 
absorption and specific gravity tests 
on the same aggregate have disclosed 
wide differences. In order to deter- 
mine the cause of these differences, 
tests were carried out by the Bureau 
of Public Roads on six or seven different 
samples of each of seven different 
materials. Different tests were made 
on the same sample by the same opera- 
tor and by different operators. The 
author concludes that it is the selection 
of the test sample, and not the test 
method, which is responsible for the 
great variations obtained with a single 
material. STANTON WALKER 

The terrazzo. ‘‘Der Terrazzo.’’ 
ALFRED BOHNAGEN. (Germany), 1929, 
Konrad Wittwer, Stuggart. Reviewed 
in Zement (Germany), Jan. 1930, V. 19, 
No. 3, p. 64.—The book illustrates the 
development, manufacture and appli- 
cations of terrazzo. It describes the 
raw materials, their advantages and dis- 
advantages.—A. E. Brrriicu 

Crushed stone in 1929. Rock 
Products, Jan. 4, 1930, V. 33, No. 1, p. 
94-98.—A review by sections and states 
giving in detail the principal technical 
and economic trends. Six illustrations. 
—J. J. Lanpy 

Sand and gravel in 1929. Rock 
Products, Jan. 4, 1930, V. 33, No. 1, p. 
99-106.—A detailed review of the sand 
and gravel industry in the United 
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States, by districts and states. Tech- 
nical and financial developments are 
discussed. Six illustrations—J. J. 
LANDY 


Bureau of Public Roads investi- 
gations on concrete and aggregates. 
F. H. Jackson. Rock Products, Jan. 4, 
1930, V. 33, No. 1, p. 144-145—Con- 
crete investigations include (1) Labora- 
tory study of the effect of type and 
gradation of coarse aggregate upon the 
strength of concrete, (2) study of con- 
crete paving mixtures for the purpose 
of determining the maximum amount 
of coarse aggregate which may be em- 
ployed when the uniformity of the 
grading of the coarse aggregate is care- 
fully controlled by measuring it in three 
separate sizes, and (3) lightweight con- 
erete for floors of long span bridges. 
Tests made include determination of 
the strength of plain and reinforced 
slabs, the bond strength of embedded 
steel, and the density, durability, and 
elastic properties of the conerete. Ag- 
gregate studies made to determine 
effect of shape of grain, surface texture 
and mineral composition, upon con- 
erete strength.—J. J. Lanpy 


France Stone Co.’s research lab- . 


oratory work in 1929. H.F. Krizce. 
Rock Products, Jan. 4, 1930, V. 33, No. 
1, p. 146.—Tests reveal crushed stone 
should be judged on merits rather than 
source. Work continued on the effect 
of gradation of aggregates on the 
quality of concrete indicate that arbi- 
trary separations lead to fallacious re- 
sults. Tests on “combined” aggregate 
(fine plus coarse) concrete yield more 
significant details as regards concrete. 
—J. J. LANDY 


Progress in study of quarry costs. 
J. R. THornren. Rock Products, Jan. 4, 
1930, V. 33, No. 1, p. 135-136.—Sim- 
plified and standardized cost account- 
ing will bring about material economies 
which can be reflected in lower priced 
products.—J. J. LANDY 


Sand and gravel production in 
Canada—1928. Can. Hng., Jan. 14, 
1930, V. 58, No. 2, p. 186.—Production 
of sand and gravel in Canada in 1928 
reached 28,102,917 tons valued at 
$5,809,431. Imports consisted of 
588,311 tons principally from the 
United States and exports totalled 
797,111 tons. There were 493 operators 
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engaged in the industry.—G. M. 
WILLIAMS 

Slag in 1929. Rock Products, Jan. 4, 
1930, V. 33, No. 1, p. 118.—A general 
review of the industry. One illustra- 
tion.—J. J. LANDY 

Survey of limestone and phos- 
phate situation in the Midwest 
States. J. R. Bent. Rock Products, 
Jan. 4, 1930, V. 33, No. 1, p. 119-123 — 
Substantial increases in these materials 
recorded in 1929. Value of different 
limestones and varying degrees of 
fineness discussed.—J. J. LANDY 

Research in aggregates in 1929. 
Epmunp SHaw. Rock Products, Jan. 4, 
1930, V. 33, No. 1, p. 125-127—An 
abstract of detailed descriptions and 
tests concerning the effects of aggregate 
characteristics (physical and chemical) 
on resulting concrete.—J. J. LANDY 

Research in sand and gravel in 
1929. Sranron WaLKER. Rock Prod- 
ucts, Jan. 4, 1930, V. 33, No. 1, p. 128- 
130.—Principal activities of the Na- 
tional Sand and Gravel Association 
laboratory have been in regard to 
studies of sand and gravel as concrete 
ageregate. The more important prob- 
lems on which work has been carried 
out are: (1) Effect of the addition of 
finer sizes, such as pea gravel, to coarse 
ageregate on the strength and economy 
of concrete. (2) Effect of variations of 
the grading of sand and gravel, within 
specification limits, on its concrete- 
making properties. (3) Effect of varia- 
tions in maximum size of coarse ag- 
gregate on the strength of concrete. 
(4) Effect of grading on void content of 
sand and gravel and the consequent 
effect on strength and economy of con- 
crete. (5) Effect of flat particles on 
concrete-making properties of gravel. 
(6) Studies of methods of measuring 
the quality particles. (7) Studies of 
effect of mineral composition and shape 
of particles of aggregates on their con- 
crete-making properties. Jour tables. 
—J. J. LANDY. 

Developments in the concrete 
and aggregate industries. P. J. 
Freeman. Rock Products, Jan. 4, 1930, 
V. 33, No. 1, p. 180-132.—Review in- 
dicates definite progress:in knowledge 
pertaining to uses of cement.and ag- 
gregates. Attention is called to the in- 
creasing amount of investigations and 
tests under way and the growing needs 
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of durable surfaces for airport runways 
and low cost highways.—J. J. Lanpy 


Research in the National Crushed 
Stone Association laboratory. A. T. 
GoupBeck. Rock Products, Jan. 4, 
1930, V. 33, No. 1, p. 133-134.—Major 
projects completed in laboratory in 
1929 included: (1) The effect of voids 
in crushed stone on the strength or 
properties of resulting concrete. (2) 
Comparative tests of crushed stone and 
gravel, the purpose of which is to at- 
tempt to develop a means for the design 
of concrete which will have a given 
beam strength irrespective of the type 
of aggregates used. (3) Investigations 
of the soundness of stone which have 
developed the fact that the sodium 
sulphate test is a very unsatisfactory 
one and it is hoped to substitute for it 
a freezing and thawing test. (4) 
Studies of stone screenings for the 
purpose of developing a greater market 
for them. (5) Investigations of flat 
and elongated pieces to find out 
whether specifications requiring not 
more than 5% of such pieces are de- 
fensible. (6) Special investigations for 
individual producers. (7) Effect of 
dust-coated stone on the strength of 
concrete which have shown that dust 
coatings up to 5.7% have very little 
effect on the strength of concrete, and 
that after one year test concretes con- 
taining dusts show fully as high 
strengths as those without dust.—J. J. 
LANDY 


Why consolidations 
crushed stone industry? CHARLES 
W. Lovetu. Rock Products, Jan. 18, 
1930, V. 33, No. 2, p. 30-32.—Analysis 
shows economy in operation and 
management possible through efficient 
mergers. Five illustrations.—J. J. 
Lanpy 


in the 


Rock products plants—details of 
design and equipment. Part 1. 
Hueco W. Weimer. Rock Products, 
Jan. 18, 1930, V. 33, No. 2, p. 41-43.— 
Typical rotary screen drives, including 
belt, belt and chain, open gear and 
direct drives. Hight diagrams.—J. J. 
LANDY 


A modern idea in gravel plants 
developed for results. Rock Products, 
Jan. 18, 1930, V. 33, No. 2, p. 44-46.— 
New plant at Fort Worth, Texas, 


produces large tonnage of many sizes 
of aggregate using vibrating screens 
for separation. One illustration.—J. J. 
Lanpy 


CEMENT 


The setting and hardening of 
portland cement under the influ- 
ence of water-soluble admixtures. 
A contribution to the question of 
hydraulic hardening. H. W. Go- 
NELL. Zeitschr. angew. Chem. (Ger- 
many), Nov. 1929, V. 42, No. 47, p. 
1087-91.—The influence of several 
solutions of sugar, copper chloride, lead 
nitrate and sodium carbonate on the 
setting and hardening of portland 
cement was studied by means of test 
pats, thin sections, and microscopical 
examination of the cement mixture. 
The following conclusions were drawn: 
A normal setting process can take place 
only when both crystalline and colloidal 
compounds are formed. The presence 
of erystals of certain amounts and form 
(calcium h'ydrosilicate, calcium hy- 
droxide and calcium hydroaluminate) 
are essential for the normal setting and 
hardening in the later ages. The 
hardness is due to the crystalline 
material, while the colloidal gel serves 
as a glue between the clinker particles 
and the crystals. In later ages the gel 
hardens in consequence of a, crystalliza- 
tion and a withdrawal of water. The 
admixtures cited above retarded setting 
and prevented the setting when only 
or preponderant formation of gel took 
place. However, the samples hardened 
later when the pieces were not dis- 
integrated. When the formation of 
crystalline material is preponderant, as 
in the case of Na2CO; as admixture, the 
setting process is accelerated, but the 
later strength is less than that of 
samples with normal composition since 
the necessary colloidal material is 
missing. A sugar solution of 10 per 
cent leads to the formation of gel only, 
and thin sections show very little 
erystallization under the microscope. 
The solubility of SiQ2, AlO:, Fe0%, 
CaO, calciumsilicates and calciumalu- 
minates, in sugar solution is greater 
than in water which fact lessens the 
tendency to crystallize. On the other 
side, sugar promotes the formation of 
gels. Several microphotographs are 
given.—A. E. Brrriicu 


ABSTRACTS 


Multistage process for burning 
portland cement clinker. Roprert D. 
Pixg. Ind. & Eng. Chem., Feb. 1930, V. 
22, No. 2, p. 148-152.—Large scale ex- 
periments in multistage burning con- 
ducted by author have indicated large 
savings in fuel consumption and have 
furnished information for rational de- 
sign of a three stage process. Experi- 
ments at the Davenport plant of the 
Santa Cruz Portland Cement Co. 
gave evidence that the process would 
result in a decrease of about one half 
in fuel consumption. The prepared 
raw material was fed to a multiple 
hearth calciner of a modified Herreshoff 
type fired with injected fuel over the 
bottom of the hearth. The hot calcines 
passed directly to the rotary kiln and 
the hot combustion gases from the 
rotary entered the calciner at a little 
above mid-height. Hot clinker from 
the rotary dropped into a regenerative 
cooler which in turn furnished hot 
secondary air for combustion of fuel in 
both the rotary kiln and the calciner. 
Three modifications of this process are 
suggested. (1) Instead of using in- 
jected fuel in the calciner it may be re- 
placed in whole or in part by broken 
solid fuel mixed with the material in 
the caleciner. (2) Two calciners may 
feed the hot calcines to one rotary. (8) 
The gas of combustion from the rotary, 
instead of passing into the calciner, may 
go directly to a waste-heat boiler. 
Computed heat balances for several 
arrangements are given for com- 
parison. The outstanding character- 
istics are as follows: (1) One calciner 
in series with one rotary. Rotary gas 
to calciner. B. T. U. per bbl. of clinker 
772,000. Potash recovery could not 
be accomplished as advantageously as 
in (2), (8) and (4). (2) Two calciners 
in parallel, each in series with one 
rotary. Rotary gas to calciner. B. T. 
U. per bbl. of clinker, 703,000. (38) 
Same as (2) except rotary gas to waste- 
heat boiler. B. T. U. per bbl. of 
clinker, 685,000. (4) Crushed lime- 
stone first completely calcined in modi- 
fied Herreshoff, then mixed with clay, 
ground and burned to clinker in the 
rotary. B. T. U. per bbl. of clinker, 
1,021,000. Possible saving of half cost 
of raw grinding. Rotary gas tempera- 
ture too low for profitable steam genera- 
tion. Arrangement (4) is in principle 
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the same as that used in Japan by the 
Asano Portland Cement Co. at the 
Hokkaido plant. A report of this 
operation indicated a threefold increase 
in output and a saving of one half the 
power for raw grinding. The collection 
of potash in connection with some of 
the above arrangements is discussed in 
considerable detail—Roy N. Youne 

Feeding cement slurry into the 
rotary kiln. Ertcu Scarrm. Tonind. 
Ztg. (Germany), 1930, V. 54, p. 8-11.— 
A description of several methods in- 
cluding German pats. 425,846, 421,551, 
478,632, 436,700, and British pat. 284,- 
276 and U.S. pat. 1,640,528. These 
include various spray devices and 
means for preventing the drying mud 
from sticking to the kiln—F. O. 
ANDEREGG 

Durability of portland cement. 
THappEus Meprriman. Eng. News 
Record, Jan. 9, 1930, V. 104, No. 2, p. 
62-64.—The author makes use of the 
sugar solubility test formerly described 
by him (ef. Hng. News Record, 1924, 
V. 93, p. 669) and again referred to in 
J. Am. Concrete Inst., 1929, V. 1, p. 95, 
but introduces an altogether different 
method of using that test. Instead of 
attempting an evaluation of the ce- 
ments on the basis of their solubility 
in his sugar solution under the condi- 
tions of test, he notes the difference in 
titratable alkalinity of each solution 
when the titration is made with two 
different indicators: phenolphthalein 
and methyl orange. The author then 
compares these differences, which will 
be referred to as Merriman’s index, 
with the condition of seven day neat 
briquettes after storage for periods of 
two and five months in a solution of 10 
per cent sodium sulfate. The 32 ce- 
ments of Committee C-1 were used. A 
marked concordance is observed and 
the author concludes that this “is so 
striking as to leave practically no room 
for doubt as to the value of this indica- 
tion aS a measure of cement dura- 
bility.” Relationship occurs between 
index values and the Al,O; content of 
the original cements. Accordingly, he 
suggests a limiting upper value for the 
index of 5.8 and for the alumina of 5.70. 
(From Portland Cement Ass’n Litera- 
ture Supplement.) 

Modern cement transportation. 
A. Guoz. Tonind. Ztg. (Germany), 
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1930, V. 54, p. 112-113.—A description 
of the transportation of bulk cement, a 
Fuller-Kinyon system or drag being 
used for loading and unloading.—F. O. 
ANDEREGG 

Gypsum and phosphate-gypsum 
as retarding agents. A. DAHLGREEN. 
Zement (Germany), Jan. 1930, V. 19, 
No. 2, p. 28-9:—Portland cement 
clinker was ground to different fineness 
with additions of gypsum and phos- 
phate-gypsum ranging from 1 to 5 per 
cent. The composition of gypsum was 
92.5 per cent CaSO, + 2H2O and 1.87 
per cent CaSO,, the composition of the 
phosphate-gypsum was 85.64 per cent 
CaSO, + 2H2O, 7.80 per cent CaSO, 
and 2.3 per cent P:0;. The phosphate- 
gypsum has a greater retarding in- 
fluence, especially with 0.5 to 1 per 
cent, than the gypsum. Furthermore 
it lowers the 3-day tensile strength. 
The 7- and 28-day strengths are about 
the same with both materials.—A. E. 
BEITLICH 


Internationalization of stand- 
ards, 3-4. C. R. Puhatrzmann. Zement 
(Germany), Jan. 1930, V. 19, No. 1-2, 
p. 4-7, 49-52.—The author favors the 
efforts to a uniformity of all European 
standard specifications for testing 
cementing materials. The advantages 
and disadvantages of the different 
specifications are described. Special 
consideration is given to the high 
alumina cements.—A. E. Brrriicn 


The influence of the particle size 
of cement. OrTro Grar. Zement 
(Germany), Jan. 1930, V. 19, No. 2, p. 
48-9.—Experiments were carried out 
in order to determine the influence of 
the particle size and the W./C.-ratio 
on the strength properties of portland 
cement. In cases where cement is used 
for concrete mixes which are wet 
enough to pour, special strength tests 
must be made since the standard tests 
do not show the value of cement under 
these conditions.—A. E. Brrriicu 

Chemo-dynamic processes in the 
cement. Hurnricu Lurrscuirz. Ze- 
ment (Germany), Dec. 1929, V. 18, 
No. 51-52, p. 1458-63, 1483-90—A 
comprehensive investigation was made 
in order to study the diffusion and ab- 
sorption processes in cement and con- 
crete during the time from the mixing 
with water to the beginning of the 


setting process. The forces developed 
and the changes in chemical composi- 
tion taking place during this period 
were also taken into consideration. 
Two kinds of diffusion, both of which 
can lead to decrease in strength, could 
be distinguished namely: (1st) escape 
of chemical ingredients from the hard- 
ening cement and (2nd) diffusion of 
colloidal products from the aggregates 
into the cement gel. Reduction in 
strength can amount to 80 per cent. 
Analysis of concretes made with good 
clean aggregates do not show the values 
for cement but mostly values for 
products which are enriched with 
FeO; and Al.O;. Three portland ce- 
ments, two high early strength ce- 
ments, one blast furnace slag cement, 
one high alumina cement and one iron- 
portland cement were mixed with 
water to normal consistency. The first 
series was placed in a beaker under 
water immediately after mixing, a 
second series after beginning of the 
setting process. Similar tests were 
made with these samples in distilled 
water. From the first series, the blast 
furnace slag cement disintegrated at 
once in ordinary water, and one of 
portland cements with 67 per cent CaO 
disintegrated in distilled water. All 
the samples from the first series some- 
times showed a heavy white coating on 
the surface, while the samples which 
were placed under water after the 
setting process had started remained 
dark. In order to study the tensile 
strength of these cements test-pieces 
were made and placed under water as 
with the above mentioned samples. 
Only the testpieces from the alumina 
cement kept their form when placed at 
once under water. The two high early 
strength cements disintegrated also 
after the beginning. of the setting 
process. All the samples showed a re- 
markable reduction in strength com- 
pared with the normally tested samples. 
Special care was given to the analysis 
of these cements and the amounts of 
salts were determined which escaped 
by diffusion from the cements. Amounts 
ranged from 1 to 4 per cent in the case 
of the samples which were placed 
under water immediately after mixing 
and from 4 to 2 per cent for those im- 
mersed after the start of the setting 
process. One of these cements was also 


ABSTRACTS 


tested for its variations in compressive 
strength. The second question was to 
investigate the interior forces during 
the hardening process. Small rubber 
balls, which were filled with ink and 
provided with a long capillary tube at 
the top, suited this purpose. Each one 
was surrounded by the cement-water 
mixture and the behavior of interior 
forces during setting and hardening 
process could be observed from the rise 
and fall of ink column in the capillary 
tube. Temperature was kept constant 
at 14° C. for 28 days and readings were 
taken every 14 hour at first, then every 
hour and later every three hours. The 
internal heat, due to the chemical 
reactions in the mixture could be 
neglected. The curves show a sharp 
drop during the first 3 or 4 hours, the 
ink disappearing in the rubber ball. 
After this the liquid rose again and 
reached the highest point after about 
7 hours, then a slow decrease took 
place. Photographs of the different 
specimens are reproduced and results 
of the tests with the rubber balls are 
shown in graphs.—A. E. Brrriicu 

A. S. T. M. established labora- 
tory equipment tolerances. Con- 
crete (M. S.), Dec. 1929, V. 35, No. 6, 
p. 119—Proposed apparatus tolerances 
for cement testing inspection prepared 
by American Society for Testing Ma- 
terials and Bureau of Standards. —(From 
Portland Cement Ass’n. Literature 
Supplement). 

Density of calcium hydroxide 
and the role of that material in 
the shrinkage of portland cement. 
P. Joye anp P. Demont. J. Chim. 
Phys. (France), 1929, V. 26, p. 317-18. 
—The authors discuss the densities of 
calcium hydroxide and calcium car- 
bonate and conclude that calcium hy- 
droxide plays a part in the diminution 
of volume of portland cement.—(From 
Portland Cement Ass’n. Literature 
Supplement.) 

Method of studying reactions in 
a portland cement kiln. W. N. 
Lacny anp Huserr Woops. Rock 
Products, Jan. 18, 1930, V. 33, No. 2, p. 
54-55.—Samples were taken at different 
lengths along a 100-ft. rotary kiln over a 
period of hours, while the kiln was 
under operation. Analysis of a typical 
set of samples composited from five 
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consecutive hourly samples, indicate 
that comparatively little calcination of 
limestone occurs in the upper 45 ft. 
of this kiln’s length. During passage 
of the next 25 ft. calcination occurs 
rapidly. After this stage recombina- 
tion of the lime has become rapid, 
lowering the free lime, although 
calcination continues to take place. 
Details of the sample tubes installed 
in the kiln and sample cup are given. 
Two illustrations and three diagrams.— 
J. J. LANpy 


Shells and clay are raw materials 
used at Trinity cement plant in 
Houston. T. K. Knox. Pit and 
Quarry, Jan. 1, 19380, V. 19, No. 7, p. 
26-36. This plant is within the city 
and on the ship canal on which the raw 
materials are transported—the clay 
from a deposit about 19 mi. down the 
channel, the oyster shells from reefs 
in Galveston Bay about 55 mi. distant. 
After washing the shells analyze:CaCOs, 
98.2 per cent; AlO;3, 0.6 per cent; 
SiOz, 1.0 per cent. A crane with 
crawler treads unloads shells and clay 
from barges. The clay goes through a 
wash-mill on the dock and is rendered 
sufficiently fluid for pumping. Shells 
are unloaded to storage whence they 
are. recovered by an electric traveling 
crane with clamshell bucket and deliv- 
ered to the two raw grinders. Gypsum 
is unloaded from freight cars into a 
chute, elevated to a storage silo, and 
thence by traveling crane to the finish 
grinder. Mud is pumped to the clay- 
storage tanks in which proper blending 
is done by paddle agitators accompan- 
ied by transfer from tank by pumps. 
Raw and finish grinders are alike, each 
being a 3-compartment tube mill 8 ft. 
in diam. and 40 ft. long. Slurry is kept 
comparatively low in water content. 
It runs from the mill to a screw con- 
veyor which carries it to centrifugal 
pumps which, in turn, deliver it to the 
slurry-storage tanks. Twelve tanks 
are used for agitation and correction of 
slurry and two for kiln feed. A Ferris- 
wheel type feeder delivers slurry to gas 
fired kiln which is erected high from 
the ground. It is 300 ft. long, 11 ft. in 
diam., with four tires. Combustion air 
is preheated by passing over hot 
clinker. Clinker drops from kiln to 
rotary cooler and after cooling is con- 
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veyed and elevated to clinker storage. . 


Finished product, 92 per cent of which 
passes a 200-mesh screen, is handled 
from the discharge pit by pneumatic 
pump to the eight storage and packing- 
house silos more than 200 ft. distant 
and 100 ft. higher. Storage silos, 80 ft. 
high and 33 ft. in diam. are set upon 
concrete columns above the packers. 
The plant has a complete dust-collect- 
ing system. Twenty-three illustra- 
tions.—A. J. Hoskin 


Cement Technology in 1929. C. 
H. Sonntac. Pit and Quarry, Jan. 1, 
1930, v. 19, No. 7, p. 37-88—A review 
of salient features in the cement 
industry, covering stripping, quarrying, 
raw grinding, slurry filtration, burning, 
waste-heat boilers, powdered-coal pre- 
paration, clinker cooling and storage, 
clinker grinding, packing and shipping, 
dust collection, anhydrite vs. gypsum, 
and water transportation.—A. J. Hos- 
KIN 


Trinity’s cement plants at Dallas 
and Fort Worth each has capacity 
of 4,000 barrels daily. T. K. Knox. 
Pit and Quarry, Jan. 15, 1930, v. 19, 
No. 8, p. 27-39.—Fort Worth plant has 
wet process, the Dallas has dry process. 
Remotely-controlled electric haulage 
system is employed in Fort Worth 
quarry, cars being loaded by power 
shovels. One large hammermill, the 
only crusher in plant, crushes shale and 
limestone. Two combination mills do 
the raw grinding, the slurry being con- 
veyed by centrifugal pumps to six 
mechanically agitated mixing tanks. 
From mixing tanks, slurry is pumped 
to six correction tanks, and finally to 
two feed tanks where it is again 
mechanically agitated. Both kilns, 
250 ft. long, are in the open except at 
ends. Fuel is natural gas. Coolers are 
50 ft. long, directly beneath kilns. 
Clinker may drop to a tunnel below 
instead of to the coolers. Clinker from 
coolers is elevated to clinker storage. 
Cement from finish grinders passes to 
an elevator, to a hopper, through a 
feeder, to belt conveyor, to packing 


house, over a weightometer, to cross- 
conveyors, to bins for stationary 
packers or to six silos for portable 
packers. _ Portable packers are on a 
truck with a trailer carrying sack 
conveyor. At Dallas plant, shale and 
lime-rock which lie contiguous in the 
quarry, are handled in separate plants, 
before mixing. Loading is by power 
shovels. Primary breaker is a roll 
crusher. Crushed stone goes by pan 
conveyor to hammermill for secondary 
crushing, and then by belt conveyor to 
rock storage. It is withdrawn to be 
delivered to gas-fired dryers or redis- 
tributed in storage. After drying, 
material is screw-conveyed to a bucket 
elevator and fed to six ball mills for 
preliminary grinding, after which it is 
conveyed to bins where it is automati- 
cally sampled for analysis. It then is 
fed to a screw conveyor, to a bucket 
elevator, to bins above scales. Raw 
shale is crushed in a remodeled dry- 
pan mill, dried in gas-fired dryer and 
conveyed to shale storage, whence it is 
removed by tunnel conveyor to vertical 
elevator, to scale hopper. Stock- 
charging scales weigh both kinds of 
material simultaneously and dump into 
the hopper of mixer. Mixture is 
passed through tube mills, screw- 
conveyed to the kiln-feed tanks, sam- 
pled and fed to five gas-fired kilns. 
Clinker falls into a water-cooled con- 
veyor which takes it to storage. It 
is removed from storage to rotary 
cooler, although partially cooled, thence 
to six first-stage grinders. Final 
grinding is in tube mills. Forty-eight 
illustrations.—A. J. Hoskin 


Portland cement industry in 
1929.Rock Products, Jan. 4, 1930, V. 33, 
No. 1, p. 84-938.—A critical review of 
the industry with significant data on 
production and shipments by districts 
for 1929. A comprehensive tabulation 
of developments at existing: cement 
mills, projected plants, etc., is given. 
Properties of present-day cements are 
discussed and future trends of cement 
research are included. Eight illustra- 
tions.—J. J. Lanpy 


ABSTRACTS 


Natural Cements in 1929. Rock 
Products, Jan. 4, 1930, V. 33, No. 1, p. 
93.—Review of industry for 1929 in- 
dicates wide interest in possibility of 
natural cement as special mason’s 
cement and stucco.—J. J. Lanpy 


Progress in research and tech- 
nology of rock products in 1929. 
Rock Products, Jan. 18, 1930, V. 33, No. 
2, p. 47-53.—Summary of abstracts and 
scientific papers published during 1929, 
on subjects including cement and ce- 
ment manufacture and testing, limes, 
gypsum, concrete and aggregates.— 
J. J. LANDY 

Cement mills establish safety 
record. Rock Products, Jan. 18, 1930, 
V. 33, No. 2, p. 71.—Twenty-six mills 
win Portland Cement Association 
safety trophy award in 1929.—J. J 
LANDY 


What the American Concrete 
Institute has done and is doing. 
Harvey Wuiprie. Rock Products, Jan. 
‘18, 1930, V. 33, No. 2, p. 79-80.—A 
brief summary of important in- 
vestigations bearing on the rock pro- 


ducts industry, including of cements, . 


aggregates and admixtures and ready 
mixed concrete.—J. J. LANDY 


The effect of fluorspar on the 
cement kiln lining. ALFRED MULLER. 
Tonind, Ztg. (Germany), 1929, V. 53, 
p. 1481-838.—The analysis of the 
finished cement repeatedly failing to 
check that calculated from the analysis 
of the raw materials for AlO3s and 
Fe,0; led to the discovery of an attack 
on the lining of the kiln. Cal: had 
been added to the raw materials and 
formed low-melting compounds with 
the alkalies present, which then soaked 
into the refractories lining the kiln. 
There AIF; and FeF; were formed and 
as both of these boil below 1000° they 
were boiled off, to be condensed later 
upon the incoming feed. The result 
was replacement of sesquioxides in the 
lining by alkalies. This was confirmed 
by placing CaF, with alkalies in con- 
tact with refractories at 1450°. A 
considerable attack was observed.— 
(From Portland Cement Ass’n Literat- 
ure Supplement.) 

Bureau of mines work on non- 
metallics during 1929. OLIVER 
Bowes. Rock Products, Jan. 4, 1930, 
V. 33, No. 1, p. 142-143.—Economic 
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and technologic studies reviewed.—J. 
J. LANDY 


MISCELLANEOUS. 


Water glass as a protective coat- 
ing for concrete and stones. C. 
R.-Puarzmann. Tonind. Ztg. (Ger- 
many), 1930, V. 54, p. 73-75.—Water 
glass may have some protective action 
as applied to concrete after pouring. 
It should not be added to the mixing 
water, even to accelerate the hardening, 
as its harmful effects including efflores- 
cent action are greater than the 
benefits. If a stone is very porous its 
efficacy as_a protective coating is 
doubtful.—F. O. ANprREGG 


Method for capping concrete 
cores and cylinders. P. J. Freeman. 
Nat. Sand Gravel Bul., Jan. 1930, V. 11, 
No. 1, p. 56.—A method of capping 
concrete cores and cylinders has been 
developed by the Bureau of Tests and 
Specifications, Department of Public 
Works, Allegheny County, Pittsburgh, 
Pa., which, from evidence available, 
develops the true strength of concrete. 
Material used for capping consists of 
sulphur and some material such as fire- 
clay or limestone dust combined in 
about equal amounts, depending on the 
specific gravity and voids of the filler. 
This compound may be made in any 
laboratory but care must be exercised 
to use dry and properly proportioned 
materials. The most satisfactory meth- 
od for capping cores or cylinders is to 
place them in a horizontal position and 
to pour the heated compound into an 
apparatus designed for that purpose. 
The compound should not be heated 
above its first melting point, as it will 
thicken with increased temperature. 
Crushing strength of properly prepared 
capping material is at least 8,000 lb. 
per sq. in. when tested as a 2 by 4-in. 
cylinder. A flat specimen 6 in. in 
diameter and one or two inches thick 
has a crushing strength of more than 
200,000 lbs. The hot material will 
adhere to the specimen whether it be 
wet or dry, and cools quickly so that 
specimens may be tested within a few 
minutes after reaching the laboratory. 
The results obtained are said to be 
better than by any system of cap- 
ping with other materials—Sranron 
WALKER 
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PROPERTIES OF CONCRETE 


Alternate hardening of cements. 
Jossepu Keirn. Tonind. Ztg. (Ger- 
many), 1930, V. 54, p. 27-29.—After a 
period of combined storage of 1 day 
damp, 6 days wet, and in air for 7, 14 
or 21 days, the specimens lost com- 
pressive strength at first on being 
placed in water. This was usually re- 
gained on further storage in water. 
Sometimes, however, the strengths 
especially tensile strengths apparently 
continued to fall during storage in 
water.—F’. O. ANDEREGG 


A device for the automatic regu- 
lation of the temperature in stor- 
age tanks for testpieces. A. GutTt- 
MANN. Zement (Germany), Jan. 1930, 
V. 19, No. 2, p. 24-5.—The tanks are 
provided with four 125 watt immersion 
heating units and a mercury ther- 
moregulator. The latter operates the 
heating units and a stirring motor when 
the temperature drops below the reg- 
ulating point. The temperature can 
be kept constant with an accuracy of 
0.1-0.2° C. The power consumption 
is very low and amounts to 1.1-1.3 kw. 
to keep 150 liter water at 19° C. for 24 
hours.—A. E. Brrriicn 


Thermal expansion of cements 
and their mixtures. Ssicurro UcuHi- 
pa. Memoirs of Sendai Higher Tech. 
Sch. (Japan), V. 7, No. 1, p. 1-93.— 
Determination of thermal coefficient 
of expansion for cement, mortar, and 
concrete has been made by several 
authorities, but in most cases it has 
been measured after moisture contained 
in the specimen had been expelled by 
prolonged heating at a high tempera- 
ture. After such treatment, the heat- 
ing curve usually coincides with the 
cooling curve. In considering the 
question of fire resistance, it is im- 
portant that the measurement should 
be made for the first heating of the 
material. The purpose of the in- 
vestigation was to study the expansion 
of cement and its mixtures under 
different conditions from the first 
heating. Each test specimen was made 
in the form of a cylinder 5 mm. in 
diameter and 3 cm. long. These were 
first placed in a moist box for 24 hours 
and then stored in water. In testing 
the specimen was placed on the inside 


of a silica tube which extended into an 
electric furnace. Another small silica 
tube which pressed against one end of 
the specimen served to transmit the 
expansion or contraction to a rotating 
mirror. The magnitude of the rotation 
was measured with a scale and tele- 
scope. The measured changes were 
corrected for the change in length of the 
silica tube. The temperature of the 
specimen was measured by means of a 
thermocouple. The conclusions re- 
sulting from the tests are as follows: 
(1) The expansion coefficients of the 
cements with or without admixtures 
increases considerably with the rise of 
temperature. (2) The coefficient for 
neat cement varies according to the 
chemical composition. (3) No ad- 
mixture has any considerable effect on 
the thermal expansion of cement. (4) 
The relative richness of a cement and 
sand mixture has practically no effect 
on the expansion coefficient for tem- 
peratures ranging from 50° to 100°. 
(5) There is practically no difference 
between the expansion coefficient of 
steel and that of portland cement, so 
that no special considerations need be 
given to the relative coefficients of ex- 
pansion of steel and cement with or 
without admixtures in structures sub- 
jected to ordinary temperatures. A 
considerable difference exists at high 
temperatures, 400°-500°. (6) The ex- 
pansion coefficient of aluminous ce- 
ments is smaller than that of portland 
cements; hence if these cements are 
used together in a structure of rein- 
forced concrete, a high thermal stress 
will be caused between them since the 
coefficient for these materials differs 
greatly for all temperatures——D. E. 
LARSON 


The increase of strength of con- 
crete, mortar and cement with age. 
Suicurro Ucuipa. Memoirs Sendai 
Higher. Tech. Sch. (Japan), Dec. 1929, 
V. 8, No. 1, p. 1-23—Tests were made 
of neat cement, mortar and concrete, 
using 4 x 8-in. and 6 x 12-in. cylinders 
and prisms about 2.8 by 2.8 by 4.2 
inches. Five brands of cement, passing 
the Japanese Government  specifica- 
tions, and Tama river sand and gravel 
were used. All specimens were stored 
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in fresh water, at about 61° F., until 
tested. Generally 5 specimens of a 
kind were tested at ages of 1, 2, 3, 5, 7, 
15, and 28 days. For the concrete 
specimens the age was extended to 60 
days. The tests include (a) com- 
pressive strength of neat cement, one 
brand, 4 consistencies, (b) tensile and 
compressive strength of 1:3 mortar, one 
consistency, 5 brands of cement, and 
(c) compressive strength of concretes, 
one consistency and brand of cement, 4 
mixtures. Constants in an empirical 
formula in which the strength is given 
as an exponential function of the age 
are determined for all of the age- 
strength data secured. The correct- 
ness of these formulas has not been 
verified beyond the age of 60 days.— 
F. E. Richart 


Effect of temperature on cement. 
A. C. BuackHaun. Concrete (M. S.), 
Dec. 1929, V. 35, No. 6, p. 110.—Low 
temperatures tend to retard setting 
and hardening to an extent that varies 
with the cement andthus may deprive 
the rapid hardening variety of that 
special advantage. Hence before in- 
ference is drawn regarding a particular 
cement it should be tested under con- 
ditions of temperatures similar to those 
which are likely to be used in practice. 
— (From Portland Cement Ass’n. 
Literature Supplement.) 


Studies on cement mortars and 
concrete. Effect of common salt 
on the tensile strength of cement 
mortars. A. GorpEN AND I. Sonza. 
Philippine Agr. (Philippine Islands), 
1929, V. 18, p. 13-18.—An analysis of 
Philippine portland cement is given. 
Admixtures of NaCl up to about 11 per 
cent with a maximum at 8 per cent 1n- 
creases the tensile strength of cement 
mortars in 7 and 28 days. The strength 
ratios for 7 day are greater than 28 
day tests, with mixtures containing 8-10 
per cent. NaCl. The mean_ tensile 
strength of cement mortar with NaCl 
admixtures greater than 8 per cent de- 
creases more abruptly in 7 day than in 
28 day tests. The differences in 
strength are decidedly significant. — 
(From Portland Cement Ass’n. Litera- 
ture Supplement.) 


Small causes, great effects. B. 
Winker. Tonind. Ztg. (Germany), 
1929, V. 53, p. 731-32.—Brief descrip- 
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tions are given of two failures of rapid- 
hardening portland cement concrete. 
In the one case, failure was traced to 
contamination of the sand with clay. 
In the ofher, it was found that the 
brand of cement had been changed, 
but that no alteration had been made 
in the water-cement ratio selected at 
the beginning of the job. Subsequent 
examination showed that the second 
brand should have been used with a 
smaller water-cement ratio. — (From 
Portland Cement Ass’n Literature 
Supplement.) 


Tests concerning the changes in 
length and structure of concrete 
aggregates under the influence of 
temperatures up to 1200° C. ‘‘Ver- 
suche ueber Laengenund Gefue- 
geanderungen von Betonzuschlag- 
sstoffen unter der Einwirkung von 
Temperaturen bis 1200° C.’’ Dkr. 
Kurp Enperyt. (Germany), 1929, 
Wilhelm Ernst and Son. Reviewed in 
Zement (Germany), Jan. 1930, V. 19, 
No. 2, p. 40.—The book shows the 
behaviour of construction materials in 
fires. The report is presented of an 
investigation carried out on behalf of 
the German Reinforced Concrete Com- 
mittee in the Laboratory of the School 
of Building Science Technology of the 
Technische Hochschule, Berlin. Speci- 
mens of eleven different natural stones, 
one blast furnace slag, one Mansfield 
copper slag, one type of broken brick, 
and neat portland cement and, further, 
specimens of 1:3 mortars of the cement 
and the above-mentioned aggregates 
were heated in an electric furnace to 
1200° C. Neat cement and mortar 
specimens were heated after 28 or 50 
days in combined storage. The tem- 
porary changes in length were observed 
at various temperatures up to 1200° C. 
and are shown graphically. The 
apparatus used is described in detail. 
After cooling, the structural alterations 
suffered by the specimens were ex- 
amined microscopically and macroscop- 
ically. Neat portland cement exhibits 
a small expansion up to about 300° C., 
above this temperature contraction 
occurs as a result of the expulsion of 
chemically and physically bound water. 
After heating to 1200° C., the calcium 
hydro-silicates and calcium hydro- 
aluminates appear to have partially 
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decomposed and liberated lime. A sound 
portland cement heated to 1200° C., 
will therefore become unsound on cool- 
ing and after a few weeks will be liable to 
disintegrate. Portland cement mortars 
(1:3) display the characteristic move- 
ments of the aggregate toned down by 
the shrinkage of the’ cement. A 
bibliography is included.—(From Port- 
land Cement Ass’n. Literature Supple- 
ment.) 

Research activities of Portland 
Cement Association for 1929. F. R. 
McMiuuan. Rock Products, Jan. 4, 
1930, V. 33, No. 1, p. 148-149.—Be- 
havior of concrete under different con- 
ditions of exposure studied. Results 
indicate: (1) Of all the destructive 
agencies which attack concrete, re- 
peated freezing and thawing of ab- 
sorbed moisture is by far the most 
severe. This shows the necessity for 
producing concrete that resists the 
penetration of water in those localities 
where repeated freezings must be en- 
countered. (2) Most of the defective 
concrete occurs in patches, as at honey- 
combed spots or laitance seams, while 
the intervening portions of the struc- 
tures are in well preserved condition. 
This indicates the extreme importance 
of proper proportions, consistency and 
care in placing. Where the defects are 
due to improper materials, their dis- 
tribution is more general over the ex- 
posed surface of the structure. The 
examples of this latter condition are 
much less numerous than those due to 
improper manipulation. Aggregates 
were studied to establish whether any 
of the common rock types are unde- 
sirable as aggregates and to develop 
tests that will disclose the presence of 
non-durable minerals. Other studies 
include: (1) A survey of concrete high- 
ways in which a detailed study of 
thousands of miles of pavement is being 
made to correlate the present condition 
of pavement with records of materials 
and methods used and with the weather 
conditions attending construction and 
the climatic and traffic conditions since 
being placed in use. The survey is now 
complete for the territory east of the 
Mississippi river. This is to show 
direct and immediate ways to improve 
practice. (2) Effects of moisture and 
frost. The results to date in these tests 
have shown that both the water- 


tightness of concrete and its resistance 
to repeated freezing are determined by 
the same factors which are known to 
govern the other desirable properties 
of concrete—strength, resistance to 
wear and bond resistance. Any re- 
duction in the water-cement ratio, 
provided the aggregate proportions are 
adjusted to maintain plasticity neces- 
sary for proper placing, will be ac- 
companied by increased water-tightness 
and greater resistance to freezing. Any 
additional curing in the early period is 
shown to result in a marked improve- 
ment in water-tightness. Indications 
are that resistance to repeated freezing 
is likewise greatly improved by longer 
curing before exposure. (8) Study of 
volume changes in concrete due to the 
loss or absorption of moisture. Work 
gives promise of bringing out a definite 
relationship from which it is hoped 
actual volume changes may be pre- 
dicted for given mixtures and condi- 
tions of curing. (4) Surface coatings 
for curing concrete. Study brings out _ 
that. the effectiveness of any surface 
coating as a curing agent is measured 
by extent to which it is able to keep 
within the mass the original mixing 
water. (5) Fire resistance of concrete 
units. (6) Admixtures and studies of 
constitution and properties of cement. 
—J. J. Lanpy. 


Japanese research on cements 
and concretes. Rock Products, Jan. 
18, 1930, V. 33, No. 2, p. 56-59.—Ab- 
stracts given are: Microscopic hydra- 
tion of rapid hardening cements; 
studies on modulus of rupture of cement 
mortar; tests on the fused portland 
cement and aluminous cement; acid- 
proof cement mortars; strength formula 
of cement-mortars; electrical investiga- 
tion of the setting and hardening of 
rapid-hardening cements; quality of 
portland cement of Japan; relations 
between composition and strength of 
cement mortar on combined hardening; 
recent advances in Japanese portland 
cement industry; studies on laitance of 
cement mortars and concrete; electrical 
method of measuring the setting time 
of portland cement; studies on mixed 
portland cements; calcium aluminates 
and their hydration; mixed portland 
cements (neo-solidits); acid-proof ce- 
ment mortars.—J. J. LANDY 
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Revisions needed in gunite speci- 
fications. Joun V. Scnarrer. Eng. 
News-Record. Jan. 16, 1930, V. 104 
No. 3, p. 108.—Present standard 
specifications for gunite calling for 
three parts sand to one of cement have 
proved to be correct in theory only. 
Dry sand referred to in specification 
may contain 4 to 8 per cent moisture, 
the average bulking being about 33 per 
cent. Rebound of sand when gun is 
used still further reduces sand in 
mortar, making final proportions 1.68 
to. 1 instead of theoretical 3 to 1. 
Suggested specifications for cement gun 
work include provision that portland 
cement be mixed with clean sharp sand 
in a proportion that will be as nearly 
practical 1 of cement and 3 of dry 
sand. The proportion of sand shall be 
varied from time to time as the bulk 
of sand exceeds the bulk of dry sand 
due to moisture content. Sand and 
cement shall be thoroughly mixed dry 
and screened through a 3 in. mesh 
screen before being placed.—D. F. 
JENNINGS 


The behavior of a _ reinforced 
concrete arch during construction. 
Searcy B. Stack. Proc. Am. Soc. 
Cwwil Eing., Nov. 1929, V. 55, No. 9, p. 
2279-2305.—Heretofore tests on arches 
have started with a completed structure 
or model that had already taken un- 
known initial strains due to dead load, 
temperature changes and the chemical 
action of setting. The Yadkin (cf. 
Proc. Am. Soc. Cwil Eng., March 1929, 
p. 608) river bridge test studied live 
load effects while W..M. Wilson (cf. 
Proc. Am. Soc. Civil Eng., March 1929, 
p. 712) has contributed to the knowl- 
edge of climatic effects. The present 
paper attempts to round out the sub- 
ject by supplying data from the starting 
of arch rib concreting to about one 
month after completion, a period of 
four months. It includes measure- 
ments of strain in steel and concrete 
beginning with zero strain while con- 
crete was being placed. Compressive 
strength, modulus of rupture, and 
modulus of elasticity of arch rib con- 
crete were determined from control 
specimens for various ages. Tem- 
peratures were taken and movements 
of crown, abutments, expansion Joints 
and decks were measured. The bridge, 
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in Putnam County near Eatonton, Ga., 
1S an open spandrel arch type span of 
160 ft. and 46 ft. rise with concrete 
girder approach spans at each end. 

Electric telemeters and_ resistance 
coil thermometers were used for strain 
and internal temperature measure- 
ments. Observations started 24 hours 
after the concrete was placed and 
readings were taken twice daily. 
Efforts were made to co-ordinate the 
observations on the arch with those on 
unloaded moderately reinforced test 
blocks 25 by 25 by 60in. (1) The arch 
ribs began rising and falling from at- 
mospheric causes between three and 
four days after pouring. (2) Due to 
set of concrete while initial temperature 
is high, no design allowance need be 
made for rise in temperature. Falling 
temperature should be considered. (3) 
There was no measurable movement of 
the abutments. (4) Observed stresses 
in steel and concrete were consistently 
higher than computed stresses. (5) 
There are appreciable initial stresses in 
both steel and concrete probably due 
to the setting of the concrete. (6) The 
concrete temperature increased rapidly 
for 12 to 36 hours after pouring then 
fell gradually to mean atmospheric 
after 10 to 12 days. (Abstractors com 
ment—Fig. 13 of the paper shows a 
rising temperature during about a 
week.) Variation then follows mean 
atmospheric temperature. Daily varia- 
tions are slight and changes are slow.— 
H. J. Ginxny 


Control of materials and mixtures 
for concrete for pavements.* R. W. 
Crum.—Methods used by the Iowa 
Highway Commission in controlling 
the quality of concrete for pavements 
are described. Present specifications 
are discussed and it is shown that the 
method of specifying proportions by 
weight with definite limiting water- 
cement ratios and cement factors pro- 
vides concrete of definite quality and 
constant yield. Six different propor- 
tions are given in order to utilize local 
materials most economically. The 
various field operations connected with 
control are described in detail as well 


*Presented before the 9th annual meeting of 
the Highway Research Board, Washington, 
D. C., December 13, 1929. Abstracted in 
advance of publication. 
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as methods for making field determina- 
tions of specific gravity, moisture, etc. 
Specifications for weighing devices as 
well as methods of inspecting weighing 
devices are given. Approved methods 
of measuring water are also given and 
it is shown that use of an auxiliary 
storage tank on top of mixer, from 
which measuring tank may be filled, 
will result in much more accurate con- 
trol in that the effects of fluctuations 


in pipe line pressure are thus elim-. 


inated. In order to determine the 
proper time for opening pavements to 
traffic, a series of concrete beams are 
made in conjunction with each job. 
These beams are broken at the age of 
4 and 10 days in a transverse testing 
machine designed for the purpose. This 
device.is described in detail. Results 
of control tests which have accumulated 
during the past eight years are analyzed 
in considerable detail and indicate that 
uniformity of quality of concrete has 
materially improved during this period. 
In period 1921, 1922 and 1923, only 36 
per cent of the 28 projects constructed 
showed a mean variation in strength of 
10 per cent or less from average of all 
jobs. On the other hand, in 1928, 68 
per cent of 69 jobs showed a mean 
variation of 10 per cent or less from the 
average. This would indicate a 
marked improvement in uniformity 
during the period, due undoubtedly to 
the introduction of more scientific and 
improved methods of control through- 
out this period. The relation between 
strength of concrete as indicated by 


cores drilled from the pavement as com- 
pared to molded cylinders is also dis- 
cussed and it is shown that average 
molded cylinder strength at 28 days is 
somewhat higher than indicated core 
strength at the same age; also that core 
strength at age of approximately 6 
months is roughly 30 per cent higher 
than corresponding value at 28 days. 
Effect of type of coarse aggregate on 
strength is discussed and it is pointed 
out that the average strength of all 
gravel concrete jobs is_ practically 
identical with the average strength of 
all limestone concrete jobs, although 
individual projects show quite a range 
in strength due probably to other 
factors. The author’s general con- 
clusions are as follows: Pavements 
built under these methods of control 
cost no more than under the old system. 
In fact it is believed that the definite- 
ness of the quantities of materials re- 
quired by the specifications has been a 
factor in lowering costs. Cost of in- 
spection has not been increased al- 
though higher grade inspectors are 
needed than formerly. Concrete is of 
high quality and of more uniform 
character than formerly. 

It is therefore reasonable to conclude 
that the results of the methods of con- 
trol of the quality of concrete described 
are more than commensurate with the 
efforts expended.—F. H. Jackson 


Influence of the leaching of test 
pieces during water storage. (See 
Marpriats Aggregates.) 
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BRIDGES 


The three-hinged arch bridge 
over the river Marne at Neuilly- 
sur-Marne. Zement (Germany), Jan. 
1930, V. 19, No. 1, p. 13-5.—Descrip- 
tion of a new concrete railway bridge. 
Clear span of the arch is 222 ft. and 
approach viaduct on the right bank of 
the river is 733 ft. long. The distance 
between the hinges is 230 ft. and the 
rise is 24 ft.3in. Hach half of the arch 
consists of two slabs connected by ribs. 
The bridge is provided with a canti- 
levered footpath on the downstream 
side. The abutments are founded on 
caissons.—A. E. Brrrnicn 


Development tests on a light 
floor for bridges. Leon 8S. Morisset. 
Eng. News Record, Jan. 9, 1930, V. 104, 
No. 2, p. 71-74.—Weight of a modern 
reinforced concrete slab roadway is a 
serious factor in the design of a bridge 
because the amount of material re- 
quired in the bridge is a function of the 
load it must carry. The lightest floor 
slab in use at the present time weighs 
about 85 lb. per sq. ft. not including the 
surfacing which weighs about 30 Ib. per 
sq. ft. This article describes the tests 
of slabs weighing only 57 lb. per sq. ft. 
The reinforcement consists of small T- 
irons laid adjacent to each other to form 
a continuous surface on the bottom, 
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These T’s are transversely connected 
by bars mechanically pressed together, 
forming on the top a steel grating with 
rectangular openings. This steel struc- 
ture is filled with concrete flush to the 
top of the openings thus forming a unit 
slab of steel cells filled with concrete. 
No formwork is required. The first 
slab was made of 3 x 3 x. in. T’s of 
structural steel. The webs were locked 
with 76 x 34 in. crossbars spaced 4 in. 
The purpose of the test was to study 
the deflections of the slab when acting 
as a simple beam. The slab had a 
width of 6 ft. and a span of 3 ft. 10 in., 
the end supports being 12-in. I-beams. 
A concentrated load was applied to the 
center of the slab through a 6 x 16-in. 
wood bearing block. Failure of the 
bond between concrete and steel was 
indicated at a load of 40,000 lb. The 
yield point of the two middle T’s was 
reached at a load of 55,000 lb. and 
cracks appeared in the surface of the 
concrete at a load of 68,300 lb. The 
maximum load was 71,520 lb. The 
second slab was tested to study the be- 
havior of a slab continuous over several 
steel beams, themselves elastic. The 
slab was placed on three 12-in. I-beams 
on 4 ft. centers forming two equal spans 
of 4 ft. each. The slab had a width of 
4 ft. The load was applied simultane- 
ously at the center of each span through 
the wood bearing blocks. Failure of 
the bond between concrete and steel 
was indicated at a total load of 80,000 
lb., 40,000 lb. on each span. The total 
ultimate load was 160,000 lb. Standard 
test cylinders developed an average 
28-day compressive strength of 3,220 
lb. per sq. in. The slabs were tested 
at 28 days. The loadings used were 
chosen because they cover the range of 
wheel loads specified by bridge engi- 
neers for first class highway bridges. 
The use of additional surfacing to re- 
sist wear is not necessary for an armored 
slab of this type. Thus the total 
weight saved is about 60 lb. per sq. ft. 
The original article gives complete data 
relative to the deflections of the slab 
for various points and loads. LHight 
figures.—D. E. Larson 


Pier construction for the S. P. 
railroad bridge across Suisum Bay. 
(See Freip Consrruction—Bridges.) 
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Remarkable concrete arch at 
Brest, France. Eng. and Contracting, 
Dec., 1929, V. 12, No. 12, p. 521-522. 
(cf. “The 600-Ft. Concrete Arch 
Bridge at Brest, France, by E. Freyssi- 
net and translated by S. C. HotiistEr, 
Proceedings A. C. I., 1929, V. 25, p. 
83-97.) Bridge site is at the entrance 
to the harbor where the river is more 
than 2000 ft. wide. Usual difficulties 
of construction were increased by the 
rise and fall of the tide. Design consists 
of short reinforced-concrete approach 
viaducts and three reinforced concrete 
arches having 612 ft. spans, c-c of 
piers, or 590 ft. clear spans, the 
arches being the longest that have 
yet been built in concrete. Bridge 
carries a single track railway and also 
a 26 ft. roadway for vehicles on the 
upper deck. The arch section consists 
of top and bottom slabs connected by 
four longitudinal walls. Two river 
piers, founded on rock, were placed by 
means of reinforced concrete caisson 
constructed on shore and floated out. 
As the first pier was poured, the caisson 
was lifted by stages and finally removed. 
It was used for the second pier and left 
in place. The springings of the arches 
were built out from the piers and 
abutments as cantilevers, about 50 ft. 
in length. Cantilevers at the piers were 
tied together by bars, while a system of 
jacks allowed tension to be put into the 
bars. A combination reinforced con- 
crete and timber arch center, which 
could be used for all three spans, was 
built on shore. Hach end rested on a 
reinforced concrete pontoon. A series 
of timber towers built between pon- 
toons, acted as ordinates to the para- 
bolic curve of the centering, the center 
tower being over 100 ft. high. The 
ends of the centering were of reinforced 
concrete, the remainder of timber. 
Distance between extrados and intrados 
sections of the centering was about 8 
feet. They were connected by lattice 
bracing. Extrados was of 9 x 3-in. 
timbers on edge, side by side, and 
nailed together. Two layers of diagonal 
planking acted as wind bracing. In- 
trados members were a series of 9 x 3-in. 
joists nailed together. Intrados joints 
were bedded in rich concrete mortar 
for the decreased compressibility af- 
forded. The ends of the centering were 
connected by wire ropes with hydraulic 
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jacks attached so as to tighten or 
slacken them. Upon completion of the 
centering, the ropes were tightened, 
towers demolished, pontoons floated, 
and centering was raised to position and 
slung to the projecting cantilever mem- 
bers. The concrete ends of the cen- 
tering were concreted into shelves left 
on the undersides of the cantilevers, the 
piers thus taking the thrust of the 
arch. The pontoons were removed and 
pouring of arch ring proceeded. The 
same center was used to pour the other 
two arch rings. In niches at the crown 
of each span, 28 250-ton hydraulic jacks 
were installed to relieve stresses caused 
by shrinkage and elastic shortening. 
The total maximum stress is approxi- 
mately 1000 pounds per square inch. 
A strength of 8500 pounds per square 
inch is expected from the concrete. 
The proportion of steel reinforcement 
in the arch is very small. The three 
arches are complete and it is expected 
the bridge will be in service within a 
year. The bridge was designed by 
E. Freyssinet, who supervised its con- 
struction. The contractors are Limou- 
sin & Co.—N. H. Roy 
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A guide to the analysis and 
design of reinforced concrete slabs, 
beams and tee-beams. Report Com- 
mittee of Austrian Concrete Association 
(Austria), Aug. 1929, p. 1-49.—A. 
A standard notation for various mem- 
bers of a building structure is used, 
following that of Austrian Standard 
B2301, in which the mark of a struc- 
tural member denotes its classification 
as well as its location in the building 
B. Bending moment coefficients, are 
given for beams partly restrained at the 
ends by masonry or continuity with 
adjoining members. Coefficients of wl 
(American notation) are given as 1/10, 
1/11, or 1/12 at midspan and 1/20, 
1/19 or 1/18 at supports depending 
upon the end restraint provided. These 
values are to be disregarded where 
special analysis of the structure is 
made. Text book references for the 
solution of continuous beams are given. 
Continuous slabs are to be treated as 
indicated in Austrian Standard B2302. 
References are given to analyses of 
continuous beams with varying spans 


and moving loads. C. Formulas are 
given for the design of singly and 
doubly reinforced rectangular beams 
and tee-beams, including the design of 
shear reinforcement. D. Tables for 
use in design and standard tabular 
forms for arranging computations are 
given. A standard practice as to no- 
tation and office forms and computa- 
tion is recommended.—A. A. BRIEL- 
MAIER 


One-way concrete slab _ floors 
widely used in Northwest. Grorcr 
RuncmAN AND H. L. WorTHINGTON, 
Eng. News Record, Jan. 9, 1930, V. 104. 
No. 2, p. 68-70.—During the past few 
years, the design of a number of con- 
crete buildings in the Pacific North- 
west has been improved and simplified 
by the use of one-way concrete slab 
floors. Such floors are suitable for 
structures of the light load type in- 
cluding apartments, hospitals, hotels, 
and office buildings. In this type of 
construction, the slab itself extends the 
full distance between supports without 
beams or other stiffening members. 
The greatest span length is about 20 
ft. Disadvantages of one-way slab 
construction are (1) an increase in the 
amount of concrete and of steel re- 
inforcing, and (2) increased column 
and footing loads. The favorable 
points are (1) a saving in plastering 
resulting from applying the plaster in 
one operation directly to the bottom 
of the slab (2) simplified formwork (3) 
easy placement of reinforcement and 
concrete (4) superior quality of con- 
crete and (5) flat ceilings and minimum 
story height. Because the plaster is 
applied directly to the bottom of the 
slab, cracks in the slab will appear 
through the plastering. Such cracks 
ordinarily run parallel to the direction 
of reinforcing. It is, therefore, ad- 
visable to use a liberal amount of 
secondary temperature or shrinkage 
reinforcement to prevent them. Four 
figures, one table-—D. E. Larson 


American tests of reinforced 
concrete beams. Orro Grar. Deut- 
scher Ausschuss fur Hisenbeton (Ger- 
many), 1929, No. 61, p. 1-30.—This 
publication of the German Committee 
on Reinforced Concrete was prepared 
in accordance with a rule of the Com- 
mittee that plans for new lines of in- 
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vestigation shall be preceded by a 
digest of the available literature on the 
subject. The report reviews American 
tests on the resistance of various types 
of shear reinforcement in reinforced 
concrete beams. Three recent publica- 
tions are reviewed: Technologic Paper 
No. 314, U. S. Bureau of Standards, 
and Bulletins 166 and 175, University 
of Illinois. The material is translated 
into German and arranged in German 
units and notation, largely in the form 
of tables. The author makes few com- 
ments on the tests; in some places he 
discusses the agreement between Amer- 
ican and German tests. The tests of 
Bulletin 175 are quoted as justifying 
certain requirements of the present Ger- 
man Standards.—A. A. BRIELMAIER 


Efficient concrete plants on two 
building jobs. Zara Wirxin. Eng. 
News-Record, Jan. 16, 1930, V. 104, 
No. 3, p. 112-114.—In building Cedars 
of Lebanon Hospital containing 10,000 
cu. yds. of concrete and Jacob Kalb 
apartments containing 3,100 cu. yds. 
of concrete, both in Los Angeles, work- 
ing drawings of plant were made before 
jobs were started. Concrete plants 
were considered in five parts: (1) 
driveways for aggregates; (2) aggregate 
and cement storage bunkers; (3) 
measuring hoppers and mixer; (4) 
hoist and tower; (5) concrete-conveying 
apparatus for deposition in forms. 
Each of these elements is basically 
affected by height, shape and size of 
structure. For the 8-story hospital 
and nurses’ home connected by 2-story 
service building, concrete mixing plant 
was in front of main building at base of 
a 200-ft. tower. Concrete for nurses’ 
home was placed by means of cable- 
supported chute line 225 ft. long set on 
a 1 to 4 slope from high tower, with 
auxiliary chutes from end of main 
chute. Main building was concreted 
from same tower, using separate chute 
line on latticed boom with auxiliaries. 
No carting was required in concreting 
both buildings simultaneously. For 
sidewalks and roadways around build- 
ing, and for floor topping, concrete was 
discharged vertically from end of chute 
through wooden box chute with baffle 
plates to prevent segregation. Plant 
for concreting apartment building was 
located below street level in extension 
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of main excavation. Aggregate bunkers 
were on street level, with measuring 
hoppers delivering to a funnel which 
discharged to mixer. Mixer dumped 
into hoist bucket in tower alongside 
bunkers. Movable boom chutes reached 
all parts of building. One man was re- 
quired for aggregate hoppers and 
mixer, one for hoistman engineer and 
two for handling cement and concrete 
admixture. Six illustrations—D. F 
JENNINGS 


Dams 


High rock fill dam designed with 
jointed concrete face. I. C. STEELE. 
Hing. News Record, Jan. 16, 1930, V. 
104, No. 3, p. 92-95.—The Salt Springs 
dam on the Mokelumne River, Cali- 
fornia, due to the inaccessibility of the 
site, is being built of local quarried 
granite on a solid granite foundation. 
It is 328 ft. high, 15 ft. wide at top, and 
is 900 ft. thick at the base. It is of 
loose rock fill, except the upstream 
face, which has a placed face of granite 
12 ft. to 15 ft. thick and this is to be 
covered by a reinforced concrete facing 
varying in thickness from 3 ft. at the 
base to 1 ft. at the crest. The concrete 
facing is to be laid in 60 ft. square 
panels on horizontal and vertical con- 
crete ribs. Construction joints of 
asphaltic material and copper water 
stops are provided at edges of all con- 
crete panels to prevent water intrusion 
and to provide for small movements of 
slabs. The face is arched upstream in 
plan with a concave face considering a 
vertical section parallel to the river. 
Inequality of settlement of fill was the 
chief factor in design. An adequate 
spillway is provided. Six illustrations 
and one table.—N. H. Roy 


Laminated arch dams with 
forked abutments. Frep A. NorrTz.i. 
Proc. A. S. C. E., Feb. 1930, V. 56, No. 
2, p. 261-292.—While no arch dam has 
failed because of structural inadequacy, 
there are features in the analysis and 
action under load that leave much to 


be desired from the standpoint of 


definitness, economy and stress distri- 
bution. These objectionable features 
are: (1) Stress computations for a thick 
arch or cylinder, are highly approxi- 
mate. (2) The stress intensity varies 
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widely in different parts of the struc- 
ture, resulting in much material that is 
not being used effectively. (8) The 
stiff cantilever elements assume stress 
that could be more efficiently carried 
by the arch elements. For a thin arch 
the stress distribution is definite and 
uniform and the cantilever elements are 
sufficiently flexible to permit normal 
functioning of the arches. The writer 
proposes to make major departures in 
arch dam design that will: (1) Reduce 
the structure to a series of thin arches 
with the corresponding advantages 
noted. (2) Shorten the radius of cur- 
vature of the arch rings thereby making 
the arch elements more effective. The 
first will be accomplished by dividing 
the main arch into a series of concentric 
rings or laminae. One lamina may be 
kept a little higher than that adjacent 
to it during construction and a coat of 
asphaltic paint or other membrane will 
prevent bond and assure independent 
movement. The highest lamina will 
be that upstream and the lowest will be 
down stream. At different elevations 
successive laminae will be discontinued 
as the total thickness of structure be- 
comes less. The shorter radii of cur- 
vature are obtained by: (a) Forked 
gravity abutments of sturdy but eco- 
nomical construction that will shorten 
the arch span (and therefore permit 
shorter radi). They will also improve 
the transfer of load from dam to canyon 
walls. (b) A distinct downstream slope 
away from the crown, causing the up- 
stream lamina to actually overhang and 
the whole structure to resemble a series 
of conical layers. This gives the more 
favorable stress distribution offered by 
the dome type of design without the 
complicated form work which it re- 
quires. In one sense none of the 
suggested changes is entirely new but 
the three have never been used to- 
gether or applied in just the way 
suggested. The forked gravity abut- 
ments were used on the Railroad 
ene Dam, designed by the author, 
the sloping crown principle appears in 
different form in the multiple dome dam 
and the idea of laminations is embodied 
in a very much different manner in the 
Dordogne River Dam at Marege, 
France (now under construction). In 
this dam the successive laminae of 
descending height (downstream) are 


separated by water pools 60 ft. or more 
in width.—H. J. Ginxny 


Hydro power development at 
Smoky Falls. Can. Eng., Jan. 14, 
1930, V. 58, No. 2, p. 121.—The Spruce 
Falls Power and Paper Co., Ltd., has 
completed and placed in operation a 
power development at Smoky Falls on 
the Mattagami River to supply power 
to a pulp and paper mill at Kapus- 
kasing, 50 miles distant. The Matta- 
gami River has a maximum run-off at 
the site of 138,000 cu. ft. per second 
down to 6000 cu. ft. per second re- 
quired for operation, regulated by 
existing conservation laws higher up. 
Natural head of 74 ft. is increased to 
114 ft: due to the natural rocky forma- 
tion at the dam site. Control dam at 
Smoky Falls is of conerete with a 
gravity overflow section, having a 
length of 1250 ft. and a maximum 
height of 65 ft. Adjacent to the spill- 
way crest which is 663 ft. long is a stony 
sluice dam having 10 openings 40 ft. 
wide controlled by electrically operated 
steel gates 30 ft. high. The headworks, 
immediately above the power house, is 
a concrete gravity dam section with a 
maximum height of 100 ft. above the 
river bed and a length of 500 ft. Power 
units, of which three of the four in- 
stalled, are vertical shaft turbines with 
maximum rating of 18,750 H. P. each 
at 113 ft. head and ’speed of 163.5 
r. p.m. Between Stoney Sluice Dam 
and headworks dam is an earth dam 
1400 ft. long with a maximum height 
of 25 ft. with a cut-off wall of inter- 
locking steel piling. Quantities of 
materials involved were 192,000 cu. yd. 
concrete 3,500,000 lb. reinforcing steel 
and 9500 tons of structural steel.— 
G. M. WiutaMs 


Repairs to dam at Lake St. 
Francis. P. E. BoursBonnats. Can. 
Eng., Jan. 21, 1930, V. 58, No. 8, p. 141. 
—Allard Dam, to ‘regulate the fine of 
the St. Francis River at head in Fron- 
tenac Co., Quebec, was built in 1916-17. 
Dam consists of series of concrete 
arches supported on buttresses which 
rest upon a hard, homogeneous im- 
pervious mixture of clay and pebbles. 
Length of dam is 602 ft. maximum 
height 43 ft. Piers are 32 in number, 
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5 ft. thick. Reinforced concrete slab 
serves as foundation mattress to sup- 
port piers and is attached to two core 
walls each 10 ft. deep at heel and at toe. 
Upstream face of bulkhead section and 
that of spillway section are laid at an 
angle of 55 degrees with horizontal and 
the downstream face of buttresses 
placed at an angle of 72 degrees with 
horizontal. Crown thickness of arch 
is 3 ft. at bottom under 35 ft. head and 
18 in. at top. Intrados curve has 
radius of 15 ft. Water levels behind 
dam varied greatly during the year, 
being drawn down during the winter 
with temperatures as low as 30° F., 
which resulted in freezing of saturated 
concrete. Disintegration due to frost 
action was progressive and investiga- 
tion in 1926 showed that deck slabs of 
the bulkhead section, which were not 
protected by a down stream slab, were 
badly damaged. Noses of piers be- 
tween spillway openings and _ the 
bottom sluice bays were also badly 
disintegrated. Deterioration was at- 
tributed to frost action and poor 
quality of concrete. Repairs were 
made by chipping away disintegrated 
concrete, following which the surfaces 
were sand blasted with wet sand from 
the nozzle of the cement gun. Wire 
mesh reinforcement was then attached 
to the concrete by means of expansion 
bolts and a 1:3 gunite coating with a 
minimum thickness of 2 in. was ap- 
plied. Total area treated was about 
50,000 sq. ft.—G. M. Witiiams 
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Concrete troubles and how they 
should be avoided. G. McLran 
Gipson. Str. Eng. (England), Jan. 
1930, V. 8, No. 1, p. 26-82.—Structural 
troubles are generally due to inefficient 
design or insufficient knowledge of de- 
sign by the constructor as shown by 
many specific instances of misplaced 
reinforcing steel and neglect of possible 
hydraulic pressure. Carelessness in 
checking design may also lead to un- 
fortunate results. Troubles may de- 
velop when proper allowance is not 
made for the concrete to contract when 
hardening, and to expand and contract 
after hardening due to moisture 
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changes. Ordinary concrete may be 
expected to contract not more than 
4 inch in 100 feet. The use of ag- 
gregates which contain sulphur has 
been known to cause a floor to expand 
sufficiently to push walls out 2 inches 
and necessitate replacement of walls 
and floors. Troubles due to heat are 
experienced in foundations of boilers, 
furnaces, and gas retorts because of 
insufficient care in design. Where con- 
crete may become excessively hot a 
lining of more than 41% inches of fire 
brick should be provided and in addi- 
tion provision should be made for re- 
ducing the temperature of the con- 
crete. Aggregates for heat resistance 
should be carefully selected to avoid 
great volumetric changes and the con- 
crete should be permitted a long curing 
period before using since hydration of 
cement and increase in strength cannot 
take place when the moisture is driven 
off by heat. Actual disintegration takes 
place at 460° C. Cracking due to too 
rapid drying may occur upon exposure 
to the sun or wind when the concrete is 
not kept wet. Dirty aggregate, which 
may cause failure to harden, may be 
detected by observing the staining 
effect when it is rubbed between the 
hands or by noting the deposition of 
loam or clay when the aggregate is 
stirred in a glass jar with water. 
Mortar briquettes may also be made 
for comparison with briquettes made 
with standard sand. Mixing water 
should be of a quality fit to drink. 
Excessive mixing water may not only 
cause reduced strength but serious 
segregation as well. Sea water troubles 
may generally be overcome by using a 
dense waterproof concrete, preferably 
with an integral waterproofing material, 
and by protecting fresh concrete. from 
washing. A leak in an underground 
tank, manhole, or cellar may be re- 
paired by cementing a small pipe in 
the hole and, when this is hard, plugging 
it with soft wood and cementing over. 
Troubles with floor surfaces may 
generally be traced to (1) insufficient 
preparation of the base concrete, 
causing loss of bond with the finish, (2) 
unsuitable or badly graded aggregate, 
(3) dirty or dusty aggregate, (4) excess 
mixing water and consequent late 
trowelling, or (5) too rich or too weak 
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mixture for the work in hand. The 
floor finish should be laid when the base 
is green or else thorough hacking, 
cleaning, and wetting of the surface is 
necessary. A very rich topping cannot 
be expected to contract integrally with 
a very lean base. Sound concrete is 
not damaged by freezing even if it is 
soaked with water, but porous or 
cracked concrete which permits liquid 
water to enter and freeze will eventually 
disintegrate.—V. P. JENSEN 


Terminal facilities at Prescott, 
Ont. Su Eing., Jan. 14, 1930, V. 58, 
No. 2, p. 128.—A concrete grain ele- 
vator ‘of 5, 500,000 bushel capacity is 
now under ‘construction. Elevator will 
be supported on concrete pier pro- 
jecting into stream, and will be 1345 
ft. long and 110 ft. high, with working 
unit along the top. Width is made up 
of three 20 ft. 6 in. diameter bins, 159 
in all with 212 interspace bins divided 
into four sections.—G. M. WiLLiamMs 


How to save in concrete form 
work. (See Fretp ConstrucTion— 
Miscellaneous.) 
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Massachusetts highways. A. W. 
Dean. Journal Boston Soc. C. E., 
Dec. 1929, p. 493-550. —Development 
of Massachusetts highways is traced 
from the Turnpike Era starting about 
one hundred and fifty years ago to 
present time. The present interest in 
tolls as a means of financing special 
highways, bridges and tunnels should 
profit by the experiences of these early 
roads. Turnpikes were not a financial 
success and within a comparatively few 
years became toll free public roads. In 
1892 by an act of the State Legislature 
a Highway Commission was formed to 
develop a plan for construction and 
maintenance of a system of state and 
county roads. Report of this com- 
mission resulted in formation in 1893 of 
a permanent Highway Commission. 
Only a small appropriation was made 
at first for road work and this was used 
in developing small sections of road in 
as many counties as possible. The 
policy of the commission was to connect 
the large centers of business first, then 


the agricultural sections with these 
centers, and finally the smaller cities 
with railroad centers. Early work in- 
cluded a study of the available road 
materials, the development of a speci- 
fication for water-bound macadam 
roads, investigation of bituminous 
binders for roads subjected to motor 
traffic, and the making of traffic courts. 
Highway bridges were placed under 
control of the Commission in 1912. 
The Highway Commission was merged 
in 1919 with the Commission on Water- 
ways and Public Lands forming the 
Department of Public Works. The 
general policy of this department in 
regard to design of highways is given. 
They favor curves with radii of not less 
than 2500 ft. and gradients less than 
6 per cent. Complete drainage of sur- 
face and subgrade, and proper visibility 
at summits of grades by providing 500 
ft. clear view, are other standards of 
design. Reinforced concrete, bitu- 
minous macadam, and bituminous con- 
crete are the principal types of roads at 
present employed for heavy traffic 
roads. Data are given in regard to 
mileage completed of all kinds of roads 
to date, as well as mileage finished in 
1928. Details of the design, construc- 
tion, and maintenance of the principal 
types of roads are outlined; and in- 
dicate a preference for the bituminous 
type except for the heaviest traffic 
conditions. Concrete roads are found 
to cost more and to require a greater 
outlay for maintenance. Work of the 
Department of Public Works insofar as 
highways are concerned includes in 
addition to items already mentioned, 
removal of snow on main routes, sand- 
ing of dangerous hilis, and installation 
and maintenance of traffic signs and 
signals, and control of traffic. The 
Department makes its own signs and 
maintains a testing laboratory for in- 
vestigation of materials and processes. 


Methods of financing the state high- 
ways varied with the years and in- 
cluded bond issues, assessments on 
counties, citizs, and towns, motor 
vehicle fees, Federal Aid, and finally 
gasoline tax. Figures quoted give ex- 
penditures since the formation of the 
first commission as $11,596,296.00.— 
Mitzs N. Crair 
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Surface treatments for pre-cast 
concrete. The Builder (England), 
Jan. 10, 1930, p. 145-47.—So many 
builders are now interested in the 
manutacture of pre-cast concrete, either 
in the form of dressings for buildings 
they are erecting or the mass-produc- 
tion of blocks, slabs, garden ornaments, 
etc., that some notes on the difficult 
problem of surface treatment should 
be valuable. Among the methods of 
treating the surface of pre-cast con- 
crete and cast stone are the following: 
(1) Tooling, (2) Rubbing and polishing 
(8) Carving, (4) Reeded or ribbed 
surfaces, (5) White and colored cement 
rendering, (6) Exposed aggregate, (7) 
Colored concrete, (8) Colored cement 
washes, (9) Painting and _ staining. 
Since perhaps only those phases of the 
work which fall within the category of 
“decorative” treatment come within 
the heading “Architectural Design,” 
only the last three items are abstracted. 
Mosaic Patterns: Cement decorative 
panels in colors may be made as follows: 
First, make a slab of the desired thick- 
ness in cement of the color that is to 
form the background, fixing blocking- 
pieces in the bottom of the mould to 
allow the pattern to be inserted. Care 
must be taken to taper these blocking- 
pieces so that they can be easily re- 
moved. When this slab has hardened, 
it is released from the mould, turned 
over, and the spaces filled with different 
colored cements in accordance with the 
design. When different colors are in 
juxtaposition to each other, that placed 
first must be allowed to dry out before 
the next is placed, in order to avoid the 


colors running into each other. If 


desired, the articles in which mosaic 
patterns are to be inlaid may be made 
face-up, pressing blocking-pieces into 
the face to the desired depth and, when 
these are removed, filling the space or 
spaces with colored concrete. If de- 
sired, the mosaic pattern may be pre- 
cast in separate pieces and grouted into 
the spaces blocked out for it. For stair 
treads or landings to be faced with a 
mosaic pattern, pieces of carborundum, 
alundum, or other nonslip materials 
may be used for the inlay. Painting 
With Cement: The art of painting with 
colored cement has been considerably 


developed during recent years, and 
some excellent pictures produced. One 
advantage of painting with cement is 
that the artist is not limited to two 
dimensions only, as a raised pattern 
may also be incorporated in the picture. 
Thus a portrait in colored cement may 
also be in relief. In this branch of the 
painters’ craft, the artist has a range 
of colored cements and modellers’ tools 
in addition to brushes. The colored 
cements are mixed to a stiff consistency 
and applied with a brush or spatula, 
taking care that the colors do not run 
into one another if this is not desired. 
This class of work is, of course, outside 
the scope of the pre-cast concrete 
works, but it has many interesting 
possibilities for outdoor permanent 
decoration in color and relief and for 
mural decoration. The process is, 
however, used to some extent by cast 
concrete manufacturers, particularly 
in the production of garden ornaments. 
It is, of course, impossible to use 
different shades of color in the concrete 
used for such purposes, with the result 
that garden statuary and like articles 
are monochrome when they leave the 
molds. Their appearance may, how- 
ever, be enhanced when desired by the 
application of delicate shades of 
mineral oxides and pigments, and some 
very pleasant tinting and shading may 
be introduced by this means. For 
example, the appearance of depth of 
incised parts may be emphased by the 
application of black or dark grey, or 
the whole figure may be treated in the 
different shades of the same color. A 
simple method of carrying out this work 
is to rub the colors well into the figure 
with the fingers, or a small spray may 
be used. If the ornament thus treated 
contains pit-holes when taken from 
the mold, these can, of course, be filled 
in while the concrete is being tinted 
with colored oxides or pigments. Some 
particularly attractive tinted surfaces 
suitable for garden ornaments are ob- 
tainable in this way.— Rrxrorp Nrew- 
COMB 


Frankfurt housing scheme—the 
Siedlung ‘‘Romerstadt.’’ Howarp 
RoBertson AND F. R. YurrBury. 
Architect Building News (England), 
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Jan. 10, 1930, V. 62, No. 1, p. 73-76.— 
So interesting has been the program for 
housing and reconstruction of the City 
of Frankfurt that the second sitting 
of the International Congress for 
Modern Architecture was recently held 
there. The object of this year’s meet- 
ing was to study the question of the 
“minimum” dwelling in all its aspects: 
construction, equipment, and the build- 
ing regulations which affect it. No 
better place than Frankfurt could 
have been chosen for the meeting, since 
here is to be seen at first hand a de- 
monstration of what can be done in 
improved housing under conditions of 
cost which are more onerous even than 
in this country. A general co-ordi- 
nating control of the various housing 
enterprises was considered indispens- 
able; hence the creation of the office of 
“Stadtbaurat,” the commander-in-chief 
of the army of private architects and 
contractors who carry out the details 
of the schemes. For it is made clear, in 
description of the Frankfurt housing, 
that the private architect is not 
eliminated. On the contrary, architects 
have collaborated in all the schemes, 
the general plan and certain standards 
of equipment which it is indispensable 


to agree upon if buildings are to be 
produced at an economic cost. Of 
these, the most important are the 
standardization of kitchen and bath- 
room fittings, the use of metal door 
frames built in as the work proceeds, 
flush ply-panelled doors, standard 
metal windows (some of which are 
fitted with glass louvres) and latterly 
the employment of a concrete composi- 
tion slab unit, which is prepared away 
from the job on lines of factory produc- 
tion and even given its rendering coat 
in the same way. These standard slabs 
are quite large, 10 ft. long, 3 ft. 7 in. 
high, 34 in. thick, and are used for ex- 
ternal” ralls and main partitions. It 
has been possible with this system of 
factory production to construct the 
walling of a single family dwelling in 
1% days, and so encouraging have been 
the results in respect of reduction in 
cost that 400 of the latest houses are 
being erected on this system. The 
exteriors of the houses are very straight- 
forward, with renderings of white, 
pink, or red, and windows painted blue. 
Overhangs and porches are of concrete, 
and the flat roofs serve as gardens in 
many cases.—RExFrorpD NEwcooms 


FIELD CONSTRUCTION 


BRIDGES 


Pier construction for the S. P. 
Railroad bridge across Suisum Bay. 
C. R. Harpine. Eng. News Record, 
Jan. 30, 19380, p. 174-180.—Sub- 
structure of bridge consists of 22 
pedestal piers under approach viaducts 
two piers constructed in open coffer- 
dam, and eight piers constructed by 
combination of dredging and open 
cofferdam methods. These ten piers 
are of reinforced concrete to provide 
resistance against earthquakes. Usually 
the bases are 38 x 60 ft. Maximum 
height of pier is 214 ft. The sides are 
vertical to elevation—20 where there 
is an abrupt change of section. Pier 
shafts begin at this level. A total of 
about 105,000 cu. yds. of concrete and 
1500 tons of reinforcing steel will be 
used in these piers. Vertical and 
horizontal reinforcement is being used 


at edges of bases, in dredging wells, 
and between piers and shafts. A new 
and practical method was employed in 
sinking the concrete caissons. It con- 
sisted briefly in sinking a steel shell 81 
ft. in diameter to bed rock, dredging 
out the mud and back filling with sand 
to form an island inside the shell. On 
this island of sand, forms for a rein- 
forced concrete caisson were erected. 
Each caisson was provided with six 
dredging wells. A steel shoe was an 
integral part of each caisson. After 
reaching bed rock the wells were filled 
with concrete. All concrete, except a 
small amount at the bottoms of the 
dredging wells, was poured a the dry. 
Ten illustrations.—N. H. R 


Remarkable concrete arch at 
Brest, France. (See ENGINEERING 
DesiI@n.) 
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Dams 


Irrigation works construction in 
Mexico. R. M. Conner anp ANDREW 
Weiss. Eng. News Record, Jan. 16, 
1930, p. 101-104.—This project located 
on the Salado River, near Nuevo 
Laredo, Tamaulipas was described in 
Eng. News Record March 21, 1929, p. 
453. It consists of an earthfill dam 
with concrete face and concrete spill- 
way. Earth dikes have stone facings. 
Concrete retaining walls were built 
simultaneously with embankment. A 
portable crushing plant reduced lime- 
stone found near the site to aggregates 
of proper size. Two l-yd. mixers im- 
mediately below the storage bins dis- 
charged concrete into side-dump cars, 
which delivered it to the forms for 
foundation for spillway piers. Con- 
erete for outlet works and retaining 
wall was mixed by four 14-yd. mixers 
and delivered in side-dump cars, hand 
buggies and gravity chutes. Rein- 
forced concrete slab for revetment to 
protect upstream face of earth dam was 
constructed 11 in. thick. Concrete was 
mixed in 44 yd. mixer and hauled to 
place in side-dump cars, facing being 
placed as a monolith, with continuous 
reinforcement, and built in alternate 
vertical strips 10 ft. wide—N. H. Roy 


High rock fill dam with jointed 
concrete face. (See ENGINEERING 
Drstan—Dams.) 


MIscELLANEOUS STRUCTURES. 


Modern methods and equipment 
on Connelsville extension of Pitts- 
burgh & West Virginia Ry. CuarLes 
M. Neuson. Eng. & Conc., Jan. 1930, 
V. 69, No. 1, p. 1-8.—This project in- 
cludes a variety of both concrete and 
steel structures. The largest concrete 
structures are three 25-ft. arches under 
heavy fills, and a skew underpass. 
There are a large number of arches, 
culverts, viaduct pedestals, bridge 
piers and abutments. One 735 ft. 
tunnel is lined with concrete and has a 
concrete floor. Practically all concrete 
- was centrally mixed in three plants and 
was hauled successfully in open dump 
trucks as far as 141% miles. Three per 
cent of celite was added to the mix. 
Some concrete was hauled and poured 
in zero weather. The drop in tem- 


March 1930 65 


perature was about one degree per 
mile. All concrete was workable and 
averaged 2500 lb. per sq. in. at 28 
days.—N. H. Roy 


Concrete troubles and how they 
should be avoided. (See ENGINEER- 
Ing Destan—WM iscellaneous.) 


Notes on the foundations of a 
new Thames-side warehouse. (See 
EneinreRiING Desten—Miscellaneous.) 


How to save in concrete form 
work. A; B. MacMituan. Concrete, 
Jan. 1930, V. 36, No. 1, p, 17.—In 
general, the most important points to 
be remembered are the following: (1) 
Forms must be rigidly braced and 
shored to prevent collapse. (2) Timber 
used must be heavy enough or suf- 
ficiently braced to prevent springing or 
bulging. (3) Weight should be as light 
as consistent with strength and rigidity. 
(4) Forms must be tight enough to 
prevent serious loss of mortar and to 
prevent formation of fins on surface of 
hardened concrete where mortar has 
run between loosely fitting boards. (5) 
Details of form work should be so de- 
vised as to simplify both erection and 
removal of forms and to permit re- 
peated use of individual form units. 
(6) Size and weight of individual form 
units should not be greater than can 
be handled by the number of men in 
the form work crew. It is best not to 
exceed a 2-man load of 150 pounds.— 
C. BACHMANN 


Transit - Mix Concrete Corp. 
solves many problems in marketing 
of concrete in New York City. W. 
E. Travurrer. Pit and Quarry, Jan. 
15, v. 19, No. 8, p. 23-26.—Describes 
several plants, all but one of which use 
dry-batching. All have water-front 
locations and receive materials by 
barge. Franklin street plant unloads 
barges by a stiff-leg derrick. Sacked 
cement is trucked from barge to store- 
house, then sacks are opened and loose 
cement elevated to 500-bbl. steel bin. 
Sand, gravel and cement are discharged 
to two weighing batchers. Cement 
batcher has a 3,000-lb. capacity and 
aggregate batcher 16,000-lb. Batchers 
discharge through a flexible spout to 
trucks. Water is measured into the 
tank on each truck. Mixing is done 
in transit or upon arrival at jobs, first 
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mixing materials dry and then adding 
water. The truck body is tilted during 


dumping. Eleven illustrations.—A. J. 
Hoskin 


~SHop MANUFACTURE 


Block plant conveying methods. 
HaroupT. Hansen. Concrete, Jan. 1930, 
V. 36, No. 1, p. 31.—Notable among 
concrete products plants that have 
experimented with conveyors and have 
conclusively proved their worth, is a 
prosperous cast stone plant in Toledo, 
Ohio. Here the application of mechan- 
ical handling begins at the railroad 
siding with the incoming aggregates. 
A portable trough belt conveyor un- 
loads a carload of sand and deposits it 
in storage bin in a few hours. Bagged 
cement is readily handled on pallets 
over roller conveyors. Four or five 
8-ft. sections and a 90 degree curve 
reach from inside of car well into the 
storage warehouse. The freshly molded 
stone onits bottom board can be moved 
to temporary storage either on an over- 
head tramrail system or on a roller 
conveyor system. Flanged rollers are 
more adaptable than plain rollers with 
guard rails for transporting units.—C. 
BAcHMANN 


Collecting a million dollars. D. 
R. Couns. Concrete, Jan. 1980, V. 
36, No. 1, p. 21.—The first move after 
the organization of the Milwaukee 
C. P. Co-Operative Assn. was the 
collection of credit information from 
members. Preliminary information 
was recorded on credit cards. Shortly 
after the entire group of cards was 
collected and sorted every account was 
analyzed and given the rating it de- 
served. The contents of the cards were 
transferred to a visible file beside the 
telephone operator’s switchboard for 
use as a quick check-up on orders 
phoned in. Although the association 
has some six hundred accounts on its 
books at the present time an effort is 
made to check each of these frequently. 
This checking is done by the credit 
manager and by the salesmen who are 
actively in touch with the accounts. 
Billing is done in the association offices 
daily—that is, as a job progresses, the 
deliveries are taken from the manifest 
sheet explained in a previous article 
(ef. Concrete, Nov. 1929, V. 35, No. 5, 
p. 17) and entered on the invoice for 


the job in question. At end of month 
these invoices, together with a state- 
ment, are stapled together and mailed 
to the customer. Each statement is 
stamped with a rubber stamp stating a 
discount of 5 per cent will be allowed on 
previous month’s business if paid for on 
or before the tenth of current month.— 
C. BACHMANN 


Construction with ‘“Triol- 
bricks.’’ von Mrne. Zement (Ger- 
many), Dec. 1929, V. 18, No. 52, p. 
1496-1498.—The ‘‘Triol-brick” is a 
building stone made of concrete with 
pumice as an aggregate. Every stone 
has definite dimensions and shape 
according to the purpose for which it is 
used. Porosity of stone and air spaces 
which are obtained in the walls give 
good heat insulation. The stone is frost 
proof and fireproof.—A. E. Brrriicu 


Surface treatments for pre-cast 
concrete. (See ARCHITECTURAL DE- 
SIGN.) 


Cement products industry in 
1929. Rock Products, Jan. 4, 1930, V. 
33, No. 1, p. 162-164.—Estimated out- 
put equivalent to 350,000,000 8 x 8 x 
16-in. units during 1927, 384,000,000 
units for 1928 and nearly 400,000,000 
units during 1929. Growth of other 
products, notably cast stone and stave 
silos, indicated.—J. J. Lanny 


Plastics in concrete. Zement (Ger- 
many), Dec. 1929, V. 18, No. 52, p. 
1491-5.—A number of plastics made 
by Karl Himmelstoss (Germany) are 
described which show the possibilities 
for the use of concrete in the plastic art. 
Photographs are given.—A. E. Brirr- 
LICH 


Merchandising concrete products 
—then and now. Part 3. T. A. 
Day. Rock Products, Jan. 18, 1930, V. 
33, No. 2, p. 87-88.—Sales methods of 
the Cast Stone Co. of St. Paul, Minn., 
described. Improvement in quality of 
units and design of buildings resulted 
in greater use of concrete masonry 
units for above-grade construction.— 
J. J. LANDY 
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MATERIALS 


AGGREGATES 


Some additional factors in the 
prediction of tensile strength of 
sand mortars. H. Water Leavirr, 
Jounn W. Gowrn and Weston 8. 
Evans. Maine Technology Exp. Sta. 
Bull. No. 24, Sand Study No. 5, Jan. 
1930, V. 16, No. 1, 12 pages.—Any 
accurate method of arriving at 28 day 
mortar strength of sands by means of 
short time tests would meet with 
almost instant approval in concrete 
field. This article continues the sub- 
ject of Bulletin No. 21 by adding two 
additional factors—per cent of mixing 
water and colorimetric test for or- 
ganic impurities—to mechanical anal- 
ysis data. All factors used in this 
prediction equation can easily be 
obtained within a few hours after 
receipt of sand sample. A more 
accurate method than A. 8. T. M. field 
method for determining organic im- 
purities of sands was tried and found 
to have less value than ‘‘Field Method.” 
Therefore ‘Field Method” results were 
used in this study. By means of 
multiple correlation a prediction equa- 
tion was derived: 28 day ‘Tensile 
Strength = 149.27 + 3.97 (R-No. 8) + 
1.52 (R-No. 14) — 1.29 (R-No. 28) — 
5.24 (R-No. 100) + 0.24 (P-No. 100) + 
24.25 (Per cent Water) — 73.73 
(Color). “R-No.—” signifies per cent 
of sand retained on that size sieve. 
Results of application of this equation 
to 102 Maine sands are tabulated. 
Average error without regard to sign 
was 50.1 lb. per sq. in., and with regard 
to sign was —23.6 lb. per sq. in. 

Conclusion of this study was: The 
mechanical analysis data, per cent of 
mixing water, and colorimetric test for 
organic impurities of sands give 
valuable information for prediction of 
the 28 day tensile strength of sands. 
Other important factors, however, 
must be measured to make more ac- 
curate predictions. (cf. The Relation 
of the Grading Characteristics of 
Maine Sands upon their Tensile 
Strength, Gowen, J. W., Leavitt, H. 
W., and Evans, W. S., pp 1-12, June 
1928. Maine Technology Exp. Sta. 
Bull. No. 21. Also, Mechanical 


Analysis of Sand, Gowen and Leavitt, 


pp. 1-20, 1927. Maine Technology 
Exp. Sta. Bull. No. 18.)—H. W. 
LEAVITT 


Specifications for mortars and 
concrete. ‘‘Anweisung fuer Moer- 
tel und Beton.’’ 1928, 2nd ed. Wil- 
helm Ernst und Sohn, Berlin. R. M. 
4.50. Reviewed in Zement (Germany), 
Jan. 1930, V: 19, No. 3, p. 64.—Book 
gives directions for correct valuation 
and choice of mortars. Special con- 
sideration is given to mixing of con- 
crete, size of aggregates, water require- 
ment and surface finish of concrete. 
Three main chapters deal with (1) raw 
materials for mortar and concrete, (2) 
mortar and concrete and (8) construc- 
tion control. Valuable data for calcu- 
lations are furnished in 15 tables.— 
A. E. Brrriicn 


Novel sand-gravel transportation. 
Rock Products, Jan. 18, 1930, V. 33, 
No. 2, p. 25-29.—Unusual sand classi- 
fication methods and aerial tramway 
transportation from river deposits to 
plant of Ross Island Sand and Gravel 
Co., Portland, Ore. Ready-mixed 
concrete plant of 500-yd. per day 
capacity also operated, aggregates 
being proportioned by weight. Ship- 
ments are made in “bath-tub” bodies 
on trucks. Seventeen illustrations.— 
J. J. LANDY 


Synchronous motor drives for 
sgyratory crushers. W. C. Kina. 
Rock Products, Nov. 9, 1929, V. 32, No. 
23, p. 104.—Comparison of relative 
power factors of synchronous and in- 
duction type motors for crusher drives. 
Illustrates typical examples of modern 
drive—a, 7-ft. cone crusher by a 250-hp. 
synchronous motor.—J. J. Lanpy 


CEMENT 


| Alumina cement and portland 
cement strength properties, 1929. 
ALEXANDER Hascu. Zeitschrift des 
loesterreichischen Ingenieur und Archi- 
ekten Vereins (Austria), Jan. 1930, 
. 82, No. 5-6, p. 40—Comparison of 
trength properties of different kinds 
f cement examined during 1929 by 
aboratory for testing construction 
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materials of the city of Vienna.—A. E. 
BEITLICH 


New wet-process cement plants 
in the United States of America. 
H. Enert. Zement (Germany), Jan. 
1930, V. 19, No. 4-5, p. 72-8, 96-102.— 
Description of 14 new American wet- 
process cement plants. Special con- 
sideration is given to storage and 
transportation of raw and _ finished 
materials, mixing of slurry, kilns and 
coolers, waste heat economy and dust 
collection.—A. E. Brrriicu 


The influence of additions to 
cement raw materials on fineness 
in the wet grinding process. P. P. 
Bupnikorr, G. W. KukoLew anp W. 
M. Lescuosnw. Zement (Germany), 
Jan. 1980, V. 19, No. 5, p. 96.— 
Experiments were made with a raw mix 
consisting of marl and chalk. Both 
materials were crushed in jaw-crusher 
and sieved through two sieves with 1 
and 4 meshes per cm.” Residues on 
4-mesh sieve were mixed together in 
desired proportions. Two porcelain 
ball mills with same number and 
weight of balls were fed each with 1 ke. 
of raw mix. One mill was filled with 
ordinary water and the other one with 
a 0.04/N-Na,COs; solution and a 0.1 
per cent molasses solution. The 
grinding time was 30 min. The sieve 
analysis showed much better results in 
the case of grinding with these solu- 
tions.—A. E. Brrriicu 


Safety devices and possibilities of 
increasing safety in cement plants. 
PROESCHEL. Zement (Germany), Jan. 
1930, V. 19, No. 4, p. 87-8.—New 
safety devices in modern cement plant 
are described. Improvements are 
shown in raw mill, dryers, raw mix 
bins, burner building, coal mill and 
dust collectors.—A. E. Brrriica 


The pneumatic air separation. 
A. B. Heupia. Zement (Germany), 
Jan. 1930, V. 19, No. 2, p. 25-8.— 
Applications and advantages of differ- 
ent types of air separators in grinding 
process of cement industry are de- 
scribed. Formula to calculate efficiency 
is given.—A. E. BErTLicH 


The recent development of the 
Japanese portland cement industry. 


April 1930 69 


Mirsozu Fusu. Zement (Germany), 
Jan. 1930, V. 19, No. 4 and 5, p. 89-92, 
113-5.—A report on the developments 
in modern cement plants. Raw 
materials and their deposits are de- 
scribed. Data are furnished about 
location of plants, their output, ma- 
chineries, kilns, dryers, grinding equip- 
ment and power consumption. Stand- 
ard specifications are characterized and 
description given of the economical 
development, cement consumption and 
cement organizations.—A. E. Brrriicu 


Structure and chemical resist- 
ance of Concrete. (See PRropEerRTiEs 
or CONCRETE.) 


Slide rule for calculating the 
compounds in portland cement. 
L. A. Dani. Rock Products, Nov. 9, 
1929, V. 32, No. 23, p. 50.—Dahl’s 
slide-rule designed to give usual port- 
land cement compounds from clinker 
analysis. Each compound calculated 
independently. Special scales printed 
to size to fit ordinary Mannheim rule. 
Mathmetical basis of design and typical 
examples of operation given.—J. J. 
LANDY 


The calculation of the power 
consumption of tube mills.  H. 
Dreyer. Zement (Germany), Dec. 
1929, V. 18, No. 50, p. 14384-9.—Pre- 
vious tests by Fischer had indicated 
that the correct number of r. p. m. for 
tube mills depends on the diameter of 
the tube. The process in the interior 
is described in the following manner. 
The balls and the charge are raised by 
friction, then the balls fall back again 
and crush the material. Each ball a 
in the distance ¢ from the tube axis ob- 


tains the velocity: v = 2 9 X a X <r 


When the partial force of the gravity, 
which is directed towards the axis, 
equals the centrifugal force, influence of 
motive power of tube mill upon the ball 
ceases and the latter moves back to its 
starting point in the curve of a para- 
bola. The question is to determine 
amount of work which is necessary to 
accelerate and lift balls and charge. In 
order to calculate this one can imagine 
the entire mass of the filling being con- 
centrated in the particle a. The amount 
of work A for one revolution is then: 
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A = om X vo? + 4m X vo” X cos? «. 
(m is the mass and « is the angle 
between" the point in which the in- 
fluence of the motive power upon the 
particle a ceases and the horizontal 
line through the center of the tube 
mill.) The amount of work per second 
can be calculated from diameter of the 
tube mill and distance between inner 
surface of layer of charge and center of 
tube. The average r. p. m. of particles 
is z, the best degree of the filling is 0.4, 
that means that 0.4 of the total volume 
of the mill is filled by the balls and 
charge. Q is the weight of both in kg. 
and D is the diameter of the tube mill 


in meters. N = 6.9 X T0G0 v¥D in 


H. P. Further calculations take into 
account the pressure upon the bearings 
by the weight of the tube mill, balls and 
charge and the bouncing against the 
walls. The following formula was de- 


rived: NV = Cx2, VD in H.P. When 


the charge consists of cement the value 
for C is 9.5 for flint pebbles, 8.5 for big 
steel balls and 8.2 for small steel balls. 
Examples of the practice furnish proof 
of the accuracy of these formulas. 
Another calculation deals with power 
consumption for starting of tube mill. 
An increase in speed does hot increase, 
but decreases efficiency of mill and 
leads to destruction because balls drop 
upon unprotected wall and not upon 
charge.—A. E. BEIrLicu 


Chemistry and physics of the 
combustion of gaseous fuels. G. E. 
Sem, H. A. Hemiaman, and C. N. 
WirHrow. Ind. Eng. Chem., 1930, V. 
22, No. 2, p. 179.—Reasons for desiring 
to control chemical constituents of 
furnace atmosphere are discussed, and 
chemical and physical effects of excess 
carbon monoxide, excess oxygen, neutral 
atmosphere, and varying atmosphere 
are enumerated. Atmosphere in gas- 
fired tunnel and periodic kilns is traced 
throughout burn and compared with 
coal-fired kilns. Control of kiln atmos- 
phere when using solid, liquid and 
gaseous fuels is discussed.— (From 
Portland Cement Ass’n. Literature 
Supplement.) 


The rotary kiln in cement manu- 
facture. W. Griupert, Cement and 


Cement Mfg. (England), 1930, V. 3, No. 
1, p. 41.—A discussion of operation of 
rotary kiln from point of view of output 
and fuel economy, and an attempt to 
elucidate laws which govern rate of 
heat transmission from hot gases to 
raw materials in kiln, and from hot 
clinker to air passing through cooler.— 
(From Portland Cement Ass’n Litera- 
ture Supplement.) 


The testing of cement. G. 
HAEGERMANN. Cement and Cement 
Mfg. (England), 1980, V. 3, No. 1, p. 
69.—Essential properties of cement are: 
soundness, setting time and strength; 
fineness, volume and specific gravity 
are of less importance. Accelerated 
test for soundness is more universally 
used but experiments have’ proven 
that cements not complying with ac- 
celerated test may be sound in practice. 
Accelerated tests do not indicate ex- 
pansion due to presence of gypsum and 
should be supplemented by observation 
by pats placed in cold water. Initial 
set indicates beginning of setting re- 
action but final set represents an ar- 
bitrary degree of hardening of no special 
importance and should be replaced by 
strength specification at an early age. 
Tensile and compressive tests indicate 
different qualities of the cement. Since 
tensile stresses are seldom met with in 
concrete structures, the true strength 
of mortars is best judged by its com- 
pressive strength.—(From Portland 
Cement Ass’n Literature Supplement.) 


On the testing of cements. Hans 
Kunt. Cement and Cement Mfg. 
(England) 1930, V. 3, No. 1, p. 31.— 
Discussion of methods of testing port- 
land cement, and evolution of cement 
specifications, emphasizing need for 
separate standard specifications for 
each building material. Specifications 
for specific gravity and weight per liter 
are considered obsolete. In future 
specifications will limit proportion of 
most finely ground particles rather than 
maximum residue on sieves of coarse 
mesh. Cements which meet strength 
specifications are certain to be ground 
fine enough, while cements ground too 
fine show decreasing strength when 
stored, and are more sensitive to 
increased water content than are more 
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coarsely ground cements. Tensile 
strength tests with plastic mortars are 
the best indication of utility of product. 
Preparation of test specimens should 
be mechanized so far as possible to 
insure uniformity of results. Work of 
Gensbaur and Prussing indicate rela- 
tion between compressive strength, 
tensile strength and soundness which 
if confirmed by further research may 
lead to new specifications tor strength 
and soundness of cements. This 
relation is also indicated by changes in 
the lime content of raw mix. Increas- 
ing lime content up to certain value 
increases both tensile and compressive 
strength, when this lime value reaches 
certain limit compressive strength still 
increases but tensile strength decreases. 
Further increase of the lime content 
results in decreased compressive 
strength and apparent unsoundness.— 
(From Portland Cement Ass’n Litera- 
ture Supp]ement.) 


Cement. T. Merriman. Paper 
No. 308, In. Eng. Congress, (Japan) 
1929, 16 pages.—Attention is directed 
to many differences found between 
different brands or samples of standard 
portland cements, attributed to chance 
combinations in the kiln. Argument is 
developed that law of average forbids 
formation and existence of a certain few 
specific compounds in cement clinker. 
In place of specific compounds the 
author proposes four type forms of 
combinations, of indefinite composition, 
to exist in cement and to determine its 
properties as follows: (1) Intimate 
combination of constituents; makes 
durable and resistant concrete of high 
strength. (2) Indifferent combination 
of constituents; makes strong concrete 
which tends to disintegrate. (8) Loose 
combination of constituents; makes 
concrete of good strength which disin- 
tegrates easily. (4) Poor combination 
of constituents; develops no strength 
in concrete and acts as an adulterant 
which readily disintegrates. Process 
of hydration is detailed the statement 
made that nature of hydration pro- 
ducts changes with the amount of 
water used; hence the application of the 
cement-water ratio law. A_hypo- 
thetical curve is presented showing 
rate of hydration plotted against alka- 
linity. This curve and accompanying 
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argument are made to show zone of 
very slow rate of hydration at medium 
alkalinity and zones of rapid rate of 
hydration at both high and low alka- 
linities. Data are not experimental but 
are deduced from number of isolated 
tests and observations. Outstanding 
conclusion made in this part of the 
paper is that rate and heat of hydration 
are determined primarily by the alkali 
content of the clinker. To secure best 
cement, author suggests minimum of 
alumina, tensile strength at 28 days 
proportional to its lime silica index at 
given finess, no retrogression from 7 to 
28 days, no serious retrogression on 
immersion in sodium sulfate solutions, 
and low solubility in sugar solution.— 
(From Portland Cement Ass’n Liter- 
ature Supplement). 


Essential properties of cement 
not yet guaranteed by the manu- 
facture. Orro Grar. Cement and 
Cement Mfg. (England), 1930, V. 3, 
No. 1, p. 30.—Testing of materials for 
standard tests should be carried out so 
as to allow results of tests to be applied 
to actual practice. This requirement is 
not entirely met with cement. Com- 


‘pressive and tensile strengths are car- 


ried out on mortar specimens which are 
not true indication of results to be 
obtained with concrete. They give 
no indication of volume changes, 
resistance to corroding agents, work- 
ability or permeability —(From Port- 
land Cement Ass’n Literature Supple- 
ment.) 


Electrical investigation of the 
setting and hardening of mixed 
cements containing iron  blast- 
furnace slag. (See PROPERTIES OF 
CONCRETE). 


The setting and hardening of 
cements. ‘(See Propertins or Con- 
CRETE). 


Some physical properties of hy- 
drated cements. (See PRoprertins 
OF CONCRETE). 


MISCELLANEOUS 


The valuation of lubricants. 
Ernest W. Sreinitz. Zement (Ger- 
many), Jan. 1930, V. 19, No. 2 and 8, 
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p. 38-40, 62-3.—Several kinds of 
lubricants, especially those used in 
cement industry, are characterized. 
It is shown that an extensive valuation 
is possible with simple means. Direc- 


PROPERTIES 


The resistance of reinforced con- 
crete against sea water. H.E. 
Seuirp. Chimie Ind., 1930, V. 28, p. 
92.—Sea water attacks reimforcement 
as well as concrete; latter is attacked 
in submerged portions and former 
above the water. It is necessary to 
prevent access of air and water into 
the mass to prevent corrosion. The 
structure should be very homogeneous. 
Good tamping in the forms is not suffi- 
cient to prevent porosity, which largely 
depends on the proportion of cement in 
the concrete. Quantity of water should 
be such as to not permit segregation. 
Too dry mixes are not recommended. 
Aggregate themselves should be resist- 
ant and non-absorbent. They should 
be graded. Washed pebbles are pre- 
ferred; however, addition of fine sand 
or other finely divided material is 
favorable if added in well defined 
quantity. Concrete should be used as 
soon as possible after gauging. To 
augment resistance of concrete, water- 
proofing material, such as asphalt or 
hot China wood oil, may be used. 
Reinforcement may be coated with 
zine or cadmium.—(From Portland 
Cement Ass’n Literature Supplement.) 


Crazing and cracking on concrete 
surfaces. Brit. Sci. Abs. (England), 
1929, V. 2, No. 11, p. 400.—Following 
precautions are suggested as means of 
preventing concrete surface crazing 
and cracking: (1) use of relatively lean 
(1:3 mixes), (2) reducing trowelling to 
minimum; (3) use of relatively coarse 
aggregates with low absorptions; (4) 
thorough and strictly controlled curing; 
(5) careful craftsmanship. — (From 
Portland Cement Ass’n Literature 
Supplement.) 


The setting and hardening of 
cements. C. H. Descu. Cement and 
Cement Mfg. (England), 1980, V. 3, 
No. 1, p. 73.—When water is added to 
cement the cement particles become 


tions are given for determination of the 
spec. gravity, flash point, viscosity at 
different temperatures, asphalt con- 
tents of animal and vegetable oils.— 
A. E. BerrLicu 


OF CONCRETE 


coated with gelatinous layer in which 
small crystals subsequently appear. 
Hardness which results may be partly 
due to interlacing of crystals, but 
probably much more to drying of 
colloid mass. Products formed in 
hydration of cement must vary in com- 
position according to proportions of 
reacting substances. Finer grinding of 
cement permits reactions to proceed 
more rapidly and more completely.— 
(From Portland Cement Ass’n Litera- 
ture Supplement.) 


Some physical properties of hy- 
drated cements. R. E. Srrapiina. 
Cement and Cement Mfg. (England), 
1930, V. 3, No. 1, p. 19.—Discussion of 
volume changes occurring in hydrated 
cement includes curves showing the 
relative expansion which takes place 
when previously dried specimens of 
various building materials are immersed 
in water. With neat cement and cement 
mortars the expansion increases with 
increasing quantities of cement. With 
neat cement specimens of varying 
thickness from 14 to 2 in., rate and 
extent of expansion when stored in 
water, or contraction when stored in 
air, decreases as thickness of specimen 
increases. These changes in length 
result in formation of cracks in neat 
cement, but such cracks are less 
noticeable in mortars and concrete. 
In mortar these volume changes result 
in a concentration of stress around inert 
particles, these had to flow with conse- 
quent release of stress. Failing release 
by this means, minute cracks are pro- 
duced in cement envelope around inert 
particles to allow the release of stress. 
If stress is sufficiently great major 
cracking may occur even in presence of 
inert aggregates.—(From Portland Ce- 
ment Ass’n Literature Supplement.) 


Electrical investigation of the 
setting and hardening of mixed 
cements containing iron  blast- 
furnace slag. Y. Surmizu. Paper 


ABSTRACTS 


No. 162, Research Inst. for Iron, Steel 
and Other Metals, Tohoku Imperial 
Univ., Sendai (Japan) Examination 
of the electrical conductivity of mix- 
tures of slag with portland cement or 
aluminous cement shows setting and 
hardening of slag is accelerated with 
increasing quantities of cements. Set- 
ting of slag corresponds with that of 
cement when portland cement is added 
in the proportion of 70 per cent to 30 
per cent slag. Same is true of alumi- 
nous cement when present in propor- 
tion 60 per cent cement to 40 per cent 
slag. Compressive strength tests show 
increases in strength as cements are 
added to slag until above proportions 
are obtained, beyond which no further 
increases occur. Slag-aluminous ce- 
ment (60 per cent aluminous cement 
plus 40 per cent slag, Patent No, 77913) 
is found to have strength curve very 
similar but slightly higher than straight 
aluminous cement, and decidedly higher 
than iron-portland cement.—(From 
Portland Cement Ass’n Literature 
Supplement.) 


The adhesion of various cements 
to cast iron, mild steel and wrought 
iron. F. Jassoy. Brit. Sci. Abs. (Eng- 
land), 1929, V. 2, No. 11, p. 402-3.— 
Investigation was undertaken to de- 
termine whether and to what extent, 
adhesion between steel and cement in 
reinforced concrete can be attributed to 
formation of simple or complex iron 
silicates. Experiments were planned 
to examine the adhesion between port- 
land, portland-blast furnace and alum- 
inous cements and cast iron, mild steel 
or wrought iron (raw, planed and 
polished). Conclusion is that there is 
variation in strength of bond with time. 
Initially, aluminous cement gives higher 
bond strengths than portland blast 
furnace or portland cement. After 200 
days, however, portland blast furnace 
cement gives considerably higher bond 
strengths than does either portland or 
aluminous. Type of metal has but 
little significance, although in these 
tests cast iron gave slightly higher bond 
strength. The polished surfaces gave 
slightly better results than the raw or 
planed surfaces. Bond is due to pure 
adhesion, not to chemical combination 
and is related to colloidal nature of 


April 1930 73 


cement. — (From Portland Cement 
Ass’n Literature Supplement.) 


Structure and chemical resist- 
ance of concrete. RicHARD GRUEN. 
Zeitschr. angew. Chem. (Germany), 
1929, V. 42, No. 46, p. 1070-4-—Re- 
sistance of concrete depends on its 
structure, chemical composition of the 
cement and chemical composition of 
the aggregate. Aggregates are in most 
cases very resistant. Cements can be 
divided into three classes, each one 
having a special place in the three- 
component system CaQ-SiQ,-Al,O3: 
portland cement, slag cement and high 
alumina cement. Composition, con- 
stitution and hydraulic properties of 
these three cement classes are de- 
scribed. Equations given show hydra- 
tion process of different constituents. 
Structure and strength of concrete 
depend on manner in which it is mixed 
and worked. Properties of dry, plastic 
and wet concrete are characterized. 
Influence of bases, acids and alkali 
waters upon hardening process and 
finished concrete is shown. Micro- 
photographs of thin-sections and photo- 
graphs of testpieces are given. The 
concrete can be protected against 
aggressive waters by protective coat- 
ings.—A. E. Brrriica 


Practical advices for concrete 
control. A. Hummen. Zement (Ger- 
many), Jan. 19380, V. 19, No. 3, p. 53-6. 
—Control of concrete generally con- 
sists of determination of only strength 
properties, which does not always 
prevent failure in construction. Several 
other examinations should be made on 
the job: control of mixture and water 
addition per m* of finished concrete, 
size of aggregates and sieve analysis. 
Empirical tables are only for rough 
calculations. Many factors depend on 
apparent density of cement and_its 
necessary water requirement. Ex- 
amples are given and short method for 
sieve analysis is described.—A. E. 
BEITLICH 


The economical concrete mix- 
ture. ‘‘Die wirtschaftliche Beton- 
ismchung.’’ Kari BRAUSEWETTER. 
(Germany), Wilhelm Ernst und Sohn, 
1929. Reviewed in Zement (Germany), 
Dec. 1929, V. 18, No. 50, p. 1449.— 
Instructions for the testing of different 
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building materials, especially reinforced 
concrete, by means of test beams are 
given. Tests for setting time and 
soundness and the determination of the 
w/c-ratio for different aggregates are 
described.—A. E. Brrriicu 


Bureau of standards investiga- 
tions on cement, concrete, lime, 
gypsum and stone. Rock Products, Jan. 
A SLOSO Views; UNOwls (Dolod—l ae 
These progress reports cover: Cast 
stone, physical properties including ab- 
sorption, resistance to freezing and 
thawing, etc.; reaction of water on high 
alumina cements; waterproofing agents 
for concrete; diatomaceous admixtures 
and methods of judging their qualities; 
constitution of portland cement, in- 
cluding the role of ferric oxide and 
magnesia; the cement reference la- 


boratory; durability of bond between . 


mortar and brick under freezing and 
thawing tests; water absorption of 
brick in an attempt to classify brick 
by absorption; compressive strength 
of brick walls, its relation to the trans- 
verse strength of the brick; compressive 


and transverse strength of brick 
strength of gypsum fiber concrete; ex- 
pansion of gypsum fibered concrete 
during setting; soundness tests for 
lime; particle size distribution of 
hydrated lime; strength of commercial 
sand-lime brick; resistance of flooring 
materials; slate investigations—cover- 
ing physical properties —J. J. Lanpy 


Some additional factors in the 
prediction of tensile strength of 
sand mortars. (See MATERIALS.) 


Specifications for mortars and 
concrete. (See MATERIALS.) 


Alumina cement and portland 
cement strength properties. (See 
MATERIALS.) 


The modulus of elasticity in 


arches in accordance with the 
parabolic stress variation. (See 
ENGINEERING DEsIGN.) 

Cement. (See Mareriats.) 

The testing of cement. (See 


MATERIALS. ) 


ENGINEERING DEsIGN 


BRIDGES 


Overhead trusses carry arch cen- 
tering for Pennsylvania R. : 
Bridge at Philadelphia. Witu1aAm 
H. Fowier. Eng. News Record, Feb. 
13, 1980, V. 104, No. 7, p. 282-284— 
In construction of Pennsylvania Rail- 
road’s new concrete arch bridge over 
Schuylkill River in Philadelphia, prob- 
lem of keeping river channel open for 
navigation was solved by use of over- 
head trusses for supporting arch 
centering. Structure consists of two 
five-centered concrete arches of 172-ft. 
8 ze-in. span and 31-ft. rise, each with 
heavily reinforced barrels 3 ft. thick at 
crown and 6 ft. 314 in. thick at spring- 
ing line. ‘Trusses for supporting 
centering are carried on pier and abut- 
ments on framed steel bents resting on 
I-beam grillages so designed that 
trusses may be shifted from one section 
of arch ring to next. Each truss is 
made up of twenty panels 81% ft. each 
and two end panels of 111% ft. each, 
having total span length of 198 ft. and 
rise of 30 ft. Four trusses are required, 


for west span and three for east span, 
trusses being spaced 8 ft. on centers. 
Adjustable tension rods 2 to 214 in. in 
diameter, arranged in pairs, support 
centering, of 6 in. wood lagging carried 
op pairs of 20.7- to 365-lb. 12-in. 
channels, curved to fit the required 
radius. Lagging for centering of each 
span is divided into seven panels for 
convenience in removal. Each panel 
is from 32 to 36 ft. wide and about 25 
ft. long. Tension rods are carried on 
seats riveted to both sides of webs of 
12-in. steel beam vertical posts of the 
trusses. Centering provided is sufficient 
for one ring section of each arch and 
will be used four times. Deflection of 
falsework under weight of concrete 
was computed and lagging set high 
enough so that arch ring after pouring 
would reach the desired elevation. For 
this adjustment, hanger rods were 
threaded at top and provided with 
nuts and lubricated bronze washers. To 
avoid excessive stresses in the hanger 
rods supporting the first pour, due to 
Increments of truss deflection in the 
succeeding pours and under conse- 


ABSTRACTS 


quent adjustments, rubber washers 6 
in. in diameter and 1 in. thick were 
provided. The total deflection of the 
crown was about 314 in. Article also 
gives details of the pouring and curing 
of the concrete and the removal of the 
centering.—D. E. Larson 


High concrete stresses used in 
design of viaduct of novel design. 
W. F. Way. Eng. News-Record, Feb. 
20, 1930, V. 104, No. 8, p. 327-329.— 
Eight 40-ft. spans are carried on tall 
columns without sway bracing. Girders 
for the two-column bents are 6 ft. wide. 
Deck slab has maximum depth of 1744 
in. Joimt Committee report of 1924 
was used in design. A 1:2:3 mix, 
giving 3000 lb. per sq. in. concrete 
allowed stresses of 1200 lbs. per sq. in. 
in bending and 360 lbs. per sq. in. in 
shear. Loading assumed was 20-ton 
trucks, each with 32000 lbs. on the rear 
axle, passing at midspan with 100 
per cent impact on the rear axle of one 
truck. Form work was simple and 
concrete was easily placed—N. H. 
Ror ~ 

The modulus of elasticity in 
arches in accordance with the 
parabolic stress variation. RupoLr 
Korn. Beton u. Eisen, Jan. 20, 1930.— 
Heft 2, V. 29, p. 29-34.—At second 
International Convention for Bridges 
and Buildings, in Vienna in 1928, 
desirability of an investigation of 
modulus of elasticity H for arches was 
pointed out. In case of concrete 
structures it is not sufficient to speak 
merely of HK value without more 
specific explanation, since there are so 
many variables on which H# depends. 
In order to show that it is not always 
correct to use the modulus of elasticity 
obtained from compressive tests, the 
case of an unreinforced concrete barrel 
arch of 40’ span and 10’ rise is con- 
sidered. The concrete is assumed to 
have the stress-strain curve given by 
Morsch, ‘Der Eisen beton bau,’ 4th 
Ed., p. 43. A brief treatment is given 
of the rectangular concrete section 
acted upon by eccentric tensile or com- 
pressive forces. If a general equation 
is obtained, for the given concrete, in 
which the stress is expressed in terms 
of the second power of the strains, then 
the modulus of elasticity (tangent not 
secant) varies with the strains. In 
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analysis this variation of E is con- 
sidered by assuming a constant EH and 
changing arch section from rectangle 
to shape composed of two trapezoids. 
Curves are given for determining the 
substitute section and its properties. 
The arch analysis based on these rela- 
tions is briefly indicated and explained. 
(The same arch has been treated in 
Beton wu. Hisen, 1922, p. 252, Der 
Bauingenieur, 1922, pp. 239 and 497, 
assuming a constant H.) One of the 
figures shows, by means of ‘‘contour”’ 
lines drawn on the arch elevation, 
variation of unit stress and variation of 
E. To obtain, by means of analysis 
based on straight line theory of stress 
strain variation, same results as are 
obtained by means of analysis based on 
parabolic variation, usual # value is 
multiplied by a correction factor which 
varies with type of loading, shape of 
arch, and range of temperature change. 
In two cases considered this factor was 
0.64 and 0.85, indicating the unsuit- 
ability of using the usual high values 
of # obtained from compressive tests. 
Stress-strain curve tends to straighten 
out with increase in age of concrete. 
Tests by Mehmel show that same thing 
occurs under repeated loads. A re- 
duction of 20 per cent to 30 per cent 
from original HZ value for the lower 
stresses may result fromfrepeated loads. 
—A. A. BRIELMAIER 


Bridge construction. ‘Der 
Brueckenbau.’’ (See Fireup Con- 
STRUCTION.) 


BuILDINGS 


Concrete unit meets need for 
light weight roofing. Concrete, Feb. 
1930, V. 36, No. 2, p. 40.—New York 
Coliseum, with central section 150 ft. 
wide and 450 ft. long has curved roof 
supported by trusses 20 ft. apart, 
resting on steel columns. Extreme 
height is 70 ft. Necessary light weight 
fireproof covering was provided by T- 
shaped concrete units known as Tee 
Stone. The units were 16 in. wide, 344 
in. deep with 1-in. flange and 1}4-in. 
stem. Lengths were about 8 ft. and 
weight per sq. ft. 15 Ib. These units 
fulfilled requirements as to weight, 
strength, fireproof qualities and low 
cost.—F. E. Ricwarr 
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Reinforced concrete design sim- 
plified. Concrete, Feb. 1930, V. 36, No. 
2, pp. 43-46. Equations and charts are 
given for the design of beams reinforced 
for compression. The A. C. I. Joint 
Building Code is followed—F. E. 
RIcHART 


Reinforced concrete columns 
with cast iron cores. Eng. News- 
Record, Feb. 13, 1930, V. 104, No. 7, p. 
277-278.—The core of Emperger type 
of reinforced concrete column consists 
of a solid cast-iron bar. Spiral re- 
inforcing attached to vertical bars is 
provided near outside edge of column. 
Spiral represents about 1 to 2 per cent 
of cross sectional area of the column, 
vertical bars about 1 to 4 per cent, and 
cast iron core about 5 to 30 per cent 
depending on design. Chief advantage 
of this type of column over the usual 
reinforced-concrete column is the re- 
duction in column size. By varying 
size of core, the outside dimension of 
column can be kept same for a number 
of stories thus resulting in a consider- 
able saving in_formwork. Tests by 
Austrian Concrete Committee are re- 
ported to have shown that cast-iron 
cores embedded in hooped concrete 
carried twice as much as structural 
steel in similar concrete. Cast-iron 
cores are cheaper and can usually be 
obtained in less time than structural 
steel of heavy section. Castings are 
made with rough surface to effect good 
bond between concrete and steel. In 
design, the columns are treated as 
reintorced-concrete columns to which 
concrete beams are connected in the 
usual way, no attempt being made to 
connect horizontal reinforcing to cast 
iron core of the column. The article 
includes information relative to build- 
ing code provisions and test results for 
such columns.—D. E. Larson 


Calculation of flat slabs in terms 
of the moment in one direction. 
Kurt Bernuarp. Zement, Dec. 1929, 
V. 18, No. 47, 49, 50, p. 1375-80, 
1417-21, 1442-46. Review, Beton uw. 
Eusen, Jan. 5, 1930, Heft 1, V. 29.— 
Methods and tables developed by 
Marcus and others for flat slab analysis 
and design have simplified computa- 
tions to a certain extent, but still 
require considerable work on part of 


designer. This article carries sim- 
plifying of computations one step 
further. Two tables are given, from 
which design factors, may be found 
from value of moment in one direction. 
A general explanation of the method of 
calculation and its theoretical basis is 
made. Practical application of method 
is. illustrated by numerical examples. 
The tables may be of use in checking 
flat slab designs.—A. A. BRIELMAIER 


Cross girder construction in the 
practice of reinforced concrete con- 
struction. STEPHAN SzEGoR. Zement 
(Germany), Jan. 19380, V. 19, No. 2, p. 
34-7.—The construction with all kinds 
of cross slabs is described.—A. E. 
BrITLicH 


Fireproof casing for iron. WENDT. 
Zement (Germany), Feb. 1930, V. 19, 
No. 6, p. 126-7.—Several materials and 
methods are described for fireproofing 
iron columns. An air space between 
column and casing is not advantageous. 
Air passage through interior of hollow 
columns is better. Best casing is 
strongly reinforced concrete without 
any air space. Masonry is destroyed 
very easily.—A. E. Brrriicn 


Recent terminal improvements 
of the Boston & Maine Railroad. 
F.C. Saepuerp. J. Boston Soc. C. E., 
Jan. 1930, p. 1-28.—Development of ter- 
minal facilities of Boston & Maine 
Railroad in vicinity of Boston is 
described in detail, and plans for near 
future outlined. New construction 
started in 1926, and includes among 
larger projects two large classification 
yards in which switching is done by 
gravity, and classification is con- 
trolled by electro-pneumatic apparatus; 
new smokeless type engine terminal; 
power plant; automatic sand drying 
plant; and new North Station. Latter 
development includes heated con- 
course; mailing room; mezzanine floor 
for stores; coliseum over station, iden- 
tical in size to the Madison Square 
Garden in New York; and three-story 
section for baggage and office space. 
Floor of coliseum is provided with 
complete brine piping system made of 
14-in. piping embedded in special 
concrete to provide ice floor surface 
when desired. Construction of North 
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Station is fireproof throughout, and 
required about 1500 concrete piles, 
15,000 cu. yd. concrete, 800 tons re- 
inforcing steel, and 4000 tons structural 
steel Mrutzs N. Crair 


Dams 


Power station on the river Dan- 
ube and on the Lake Neusiedel 
(Austria). Fritz HorrMaNN AND 
Giovanni Deprris. Zeitschrift des 
oesterreichischen Ingenteur wnd Archi- 
tekten Vereins (Austria), Jan. 1930, V. 
82, No. 1-2, p. 45.—Description of a 
big power plant with three turbines. 
Output of each turbine is 10000 K. W. 
Details are given of the construction of 
the dam and the locks.—A. E. Brrr- 
LICH 


The big power plant on the river 
Dnjepr. Werner Krurcer. Zeit- 
schrift des oesterreichischen Ingenieur 
und Architekten Vereins (Austria), 
Jan. 1930, V. 82, No. 1-2, p. 5-6— 
Design and description of big power 
plant and dam. Length of crown is 
766 m. and its height 38 m. A lake is 
formed with surface of 270 km2 On 
left hand side is passage for ships con- 
sisting of three locks each 120 m. long 
and 17 m. wide. Difference between 
levels is 37 m. Construction of dam 
consumed 730000 cu. meters concrete, 
and including locks and the power 
house over one million cu. meters. 
Power plant on right hand side is de- 
signed for an output of 350000 H. P. 
and with a possibility for enlarging up 
to 650000 H. P.—A. E. Burriica 


MIsScELLANEOUS 


Buried reservoir design. Davip 
Lanpau. Concrete, Feb. 1930, V. 36, 
No. 2, p. 37-39.—In article on the 
design of underground water reservoirs 
of reinforced concrete, continued from 
the October 1929 issue, equations are 
given for design of dome shaped 
bottoms and roofs as well as of flat 
bottoms. Methods of calculating 
general properties of reservoirs and of 
designing side walls are given, together 
with illustrative examples.—F. E. 
RicHART 


Equalizing tank with 660 cubic 
meters capacity of the water works 


April 1930 77 


of Oldenburg i. o. (Germany). 

- Hirt. Zement (Germany), Jan. 
1930, V. 19, No. 5, p. 111-2.—Before 
entering water tower water passes an 
equalizing tank, constructed of re- 
inforced concrete. Tank is divided by 
concrete wall into two compartments. 
Only one is in use at a time while the 
other can be cleaned. Water is fed to 
tank by means of an overflow. Floor 
is flat slab construction. . Special 
features of structure are described and 
dimensions of tank are given.—A. B. 
BrEITLIcH 


Concrete ceilings with refractory 
linings. Harranus. Zement (Ger- 
many), Feb. 1980, V. 19, No. 6, p. 
130-1—Design and construction of 
concrete ceilings for furnaces with re- 
fractory linings are described and ad- 
vantages of different forms of bricks 
discussed.—A. E. Brrriicn 


Concrete coal bin for the boiler 
house of the new heat plant at the 
railroad station in Breslau. Zement 
(Germany), Feb. 1930, V. 19, No. 6, p. 
131-2.—General_ description—A. E. 
BEITLICH 


Calculations of torsion and 
shearing stresses in reinforced 
concrete. ‘‘Berechnung des Eisen- 
betons gegen Verdrehung (Torsion) 
und Abscheren.’’ Ernst RaAvuscu. 
1929, Julius Springer. R. M. 5.00 Re- 
viewed in Zement (Germany), Feb. 
1930, V. 19, No. 6, p. 1384—Simple 
formulas are given for the calculation 
of shearing stresses under torsion in 
shafts of various cross-sections in re- 
inforced concrete construction.—A. E. 
BrITLICH 


Pere Marquette Railway extends 
its concrete roadbed. Paut Curp- 
MAN. Lng. News-Record, Feb. 27, 1930 | 
V. 104, No. 9, p. 365-366.—Present 390- 
ft. extension of concrete roadbed built in 
1926, and which has proven very satis- 
factory, (cf. Hng. News-Record, Feb. 
24, 1927, p. 317, and Jan. 26, 1928, p. 
151) embodies new design features 
which reduce cost by 35 per cent with- 
out sacrificing strength, allow lateral 
adjustment of rails, and eliminate 
rigidity and noises. Method of re- 
storing surface to the bed has been 
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provided. Both 1926 and 1929 type 
of concrete roadbed are superior to the 
usual type of roadbed in that they have 
greater safety, higher permissible 
speed, lower track maintenance cost, 
and probable lower cost of maintaining 
equipment.—N. H. Roy 


Strength of steel beams encased 
in concrete. P. W. Lutsner. Con- 
crete, Feb. 1930, V. 36, No. 2, p. 29-30. 
—In design of steel beams encased in 
concrete, usual practice in this country 
has been to consider concrete only 
as fireproofing or protection against 
weathering, and to use structural steel 
members strong enough to support 
entire load without aid from the con- 
crete. In Europe, common action of 
concrete and structural steel has long 
been recognized and has constituted a 
part of general practice, even in the 
design of railway bridges and culverts. 
German and Swiss railroads have been 
pioneers in use of concrete-encased 
I-beams. Their engineering depart- 
ments investigated characteristics of 
these structures as early as 1901 by 
measuring deflections under live load. 
In 1903, “Danish State Railways built 
a culvert with clear span of 10 ft. 6 in. 
construction consisting of old but 
usable I-beams encased in concrete. 
I-beams were German steel, about 10 
in. deep, spaced about 20 in. on centers. 
Top of beams was about 3 in. below 
top of the concrete; bottom of beams 
was flush with concrete. First de- 
flections under live load were measured 
100 days after concrete had been cast. 
Deflection was about one-tenth of com- 
puted value for the unencased beams. 
Practically same results were obtained 
in tests made five months later, after 
culvert had been crossed by ten trains 
daily for five months. In Teknisk 
Tidskrift (Sweden), (Vag-och Vatten- 
byggnadskonst), 1923, No. 30, p. 22, 
reference is found to concrete-encased 
I-beam culvert of 12 ft. span built in 
1905. After 18 years of service with 
about 40 trains crossing daily, accurate 
measurements of deflection under live 
load showed the value was about one- 
ninth of computed deflection for un- 
encased I-beams. In the design de- 
partment of the Swiss Federal Rail- 
ways, strength of the concrete is 
accounted for by using high unit 


working stress and figuring the steel 
action alone—D. BH. Larson 


Baldwin filtration plant, Cleve- 
land, Ohio. J. W. Exims, G. W. 
Hamuin, A. G. Levy anp J. E. A. 
LinpErs. Proc. Am. Soc. C. E., Feb. 
1930, V. 56, No. 2, p. 201-260. ’ The 
paper describes ten million dollar 
filtration plant built to serve Cleveland 
and additional Metropolitan District 
of about 500 sq. mi., considering 
history, hydraulics, design, construc- 
tion, equipment and costs. Project 
includes largest covered concrete re- 
seryoir in the world as one of several 
concrete structures involved. Rein- 
forced concrete design was based upon 
stresses of 16,000 and 650 lb. per sq. in. 
in steel and concrete respectively. 
Expansion joints extend down through 
foundation at points of pronounced 
change in the general type of structure 
for chemical house and mixing flumes, 
also at other points to insure maximum 
spacing of 82 ft. between joints. Other 
structures had expansion joints spaced 
from 60 to 82 ft. Four coagulation 
basins have 1041 20-in. square columns 
spaced 15 ft. 9 in. on centers which 
support groined arch roof. From 
floor of basins to crown of arch at 
centers of the basins is 22 ft. Column 
footings are independent of floor 
system which consists of 4in. sub- 
floor and 8-in. finished floor, latter 
reinforced with 14-in. square deformed 
bars on 15-in. centers each way. 
Columns are of five different lengths 
from 10 ft. 8 in. to 17 ft. 11 in, the two 
shorter lengths being unreinforced. 
Stability of floor designs was inves- 
tigated on the basis of upward hydro- 
static pressure equal to one third 
height of the water in the basin. 
Baldwin Reservoir is about 1035 by 
550 ft. in plan and 40 ft. from floor to 
crown of groined arch roof, with total 
capacity of 135,000,000 gal. There are 
1196 30 in. round tied columns 39 ft. 
3 in. in height. The subfloor was 3 in. 
thick without expansion joints and the 
finished floor was 9 in. thick with 
prepared asphalt filler joints on center 
lines of columns (20 ft. 31% in. apart). 
No steel was used in the finished floor 
except over drains. Two inch protec- 
tion was used for column steel. The 
total load at base of each column was 
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211,000 lb. Groined arch roof having 
average thickness of 875; in. was 
selected for economy. Construction 
plant for Baldwin Reservoir included 
electrically driven 15-ton cableway, 
with two 85-ft. wood terminal towers 
operated on standard freight car wheels 
and axles. Large well arranged central 
mixing plant mcluded two 1-yd. mixers 
discharging into hopper of 9 cu. yd. 
capacity. The 7 yd. buckets were 
filled from bottom slide gate and 
transported on narrow gage cars be- 
tween cableway and mixing plant. 
Except for columns, all forms were 
made of 7% in. center-matched lumber 
nailed to 2 by 6 in. studs, 16 in. on 
centers. Vertical forms were braced 
by 4 by 6 in. belt courses outside of 
studding and % in. bolts running 
through section to be concreted. 
Column forms were steel, assembled in 
halves. Cableway handled all forms. 
All roof formwork was supported on 
bands about the columns which were 
previously poured up to the base of the 
groined arches. All formwork was 
made up in panels to permit repeated 
use.—H. J. Grukny 


Beauharnois hydro power de- 
velopment. Can. Eng., Jan. 7, 1930, 
VY. 58, No. 1, p. 101.—Beauharnois 
Hydro Power development is being 
made on the St. Lawrence River in 
Quebec, about 28 miles from Montreal 
at the lower end of a succession of falls 
between the sections known as Lake 
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St. Francis and Lake St. Louis. 
Utilizing at some future time the entire 
flow with a drop of 80 feet, there will be 
developed approximately two million 
horse power. Water will be conveyed 
through a canal, which will also serve 
as a ship canal 27 ft. deep and 200 yds. 
wide with the power house at the Lake 
St. Francis end. Present construction 
will provide for the development of 
500,000 horse power. When necessary 
concrete locks are installed, all of the 
difficult all-Canadian sections of the 
St. Lawrence waterway will be com- 
pleted except the Lachine Rapids 
section. Construction requirements at 
Beauharnois are relatively simple, the 
canal excavation consisting of clay with 
the only rock formation at Lake St. 
Louis end where the power house will 
be situated.—G. M. WiLuiams 


Notes on the foundations of a 
new Thames-side warehouse. Sir. 
Eng. (England), Jan. 1980, p. 17-19.— 
Discussion of Mr. Burns’ paper, read 
before the Inst. Structural Engineers 
on Nov. 28, 1929, revealed that while 
specifications had required a 1:2:4 mix 
with a maximum slump of 3/4 in., the 
contractor had at his own expense 
changed the proportions to permit a 
6-in, slump while maintaining the same 
strength requirement. Considerable 
discussion related to the exact nature 
and capacity of the soil upon which the 
foundations had been built.—V. P. 
JENSEN 
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Reinforced concrete and glass. 
Zement (Germany), Feb. 1930, V. 19, 
No. 6, p. 132-3—Combination of glass 
and concrete in construction of. big 
buildings yields. beautiful architec- 
tonical effects. Use of glass is especially 
suited for advertising purposes.—A. 
E. Brrriica 


Norton memorial hall. M.A. 
Routre. The Western Architect, Feb. 
1930, V. 39, No. 2, p. 26-27.—Mono- 
lithic concrete with decorative sculp- 
ture poured integrally with the building 
is unusual answer to the architect’s 
problem of meeting client’s needs 
without overstepping appropriation. 
This has been done on the Norton 


Memorial Hall, Chautauqua, New York, 
of which Otis F. Johnson of Chicago is 
architect. The donor stipulated that 
architectural design should be monu- 
mental in character, and that per- 
manent buliding materials should be 
used. The Institute asked for an audi- 
torium seating approximately fifteen 
hundred people, with fully equipped 
stage, dressing rooms, rehearsal rooms, 
property rooms, etc. 

To the architect there seemed to be 
but one material available—mono- 
lithic concrete. Lorado Taft, aesthetic 
advisor, was familiar with possibilities 
of this material as medium for monu- 
mental sculpture, since he had used it 
for his “Blackhawk” monument at 
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Oregon, Illinois, and for his “Fountain 
of Time” in Chicago. The architect 
was familiar with its possibilities as a 
suitable building material through 
study of the work of Allison and Allison 
and of others upon Pacific Coast. To 
the layman, however, this material is 
often considered suitable only for 
foundations, bridges, and heavy engi- 
neering work. It was, therefore, some- 
what of a surprise that the donors had 
no great objection to its use. Building 
was designed as four-square unit, treat- 
ment being consistent throughout, with 
sculptural ornament only upon the 
facade. It is approximately 83 ft. by 
148 ft. with 40 ft. walls. Stage section 
is 28 ft. deep with a proscenium opening 
38 ft. wide and 20 ft. high. Main floor 
of auditorium seats one thousand 
people, the balcony five hundred. 
Dressing rooms are provided on stage 
level and in two stories above. Con- 
crete was placed in wooden forms. 
Work was divided into three operations 
—stage section, lobby section, and 
connecting auditorium walls. Rein- 
forced concrete for balcony was not 
placed until building was enclosed. 
This was carried on piers and canti- 
levered over to side walls without being 
attached to them, to allow for ex- 
pansion of materials. Considerable 
care was taken in form work, since it 
was desired to leave walls, both inside 
and out, as they came from forms. 


White pine dressed and matched 
lumber was used for this purpose, 
boards being carried horizontally 


around building and mitre joints being 
made at all exterior angles. Models 
for sculpture were made full size and 


molds made in plaster, strongly rein- 
forced with hemp fibre. Two-by-fours 
were placed vertically on the backs of 
them for safety in transportation and 
ease in securing them in form-work. 
Sculpture was in every case poured as 
integral part of walls and in same 
operation. Experimental castings from 
molds were made before actual pouring. 
One difficulty thus discovered was need 
of preparing surface of the mold to 
prevent concrete adhering to plaster 
and causing extra labor in cleaning 
finished casting. Another was natural 
settlement of concrete in process of 
setting. This caused material to pull 
away from under side of the relief, thus 
distorting it. This had to be over- 
come. by pouring very slowly in 
operations not to exceed eighteen 
inches an hour. Another difficulty was 
segregation of aggregates as they 
dropped, during the placing, through 
the reinforcing steel, causing the 
heavier material to fall to front, and 
resulting in stone pockets. This was 
overcome by conducting the concrete 
to within a foot or two of level of the 
pour by means of metal chutes. No 
special facing of finer material was 
used for sculpture, which as well as the 
exterior wall, received no _ further 
treatment after form and molds were 
removed, except usual cleaning with 
brush and water. The interior of 
building was also left as it came from 
the forms, except for two coats of 
cement paint to match color of plastered 
walls and ceiling. Acoustical difficul- 
ties were corrected by application of 
acoustical plaster to ceiling of audi- 
torlum.—RExrorp NewcomsB 


FIELD CONSTRUCTION 


BRIDGES 


Bridge construction. ‘Der 
Brueckenbau.”’ A. Scuav. 4th Ed., 
B. G. Teubner (Leipzig). R. M. 6.60. 
Reviewed in Zeitschrift des  oester- 
reichischen Ingenieur und Architekten 
Vereins (Austria), Jan. 1930, V. 82, 
No. 3-4, p. 29.—Book of 216 pages 
discusses all kinds of bridge construc- 
tion with different materials, especially 
concrete bridges. Examples and cost 
calculations are given.—A. E. Berr- 
LICH 


Overhead trusses carry arch cen- 
tering for Pennsylvania R. -R. 
bridge at Philadelphia. (See Enai- 
NEERING DEsi@Nn.) 


BUILDINGS 


How to save in concrete form 
work. Concrete, Feb. 1930, V. 36, No. 
2, p. 19.—Pressure on column forms is 
resisted by variously detailed yokes 
clamped on form boards and holding 
them in tight grip. Yokes are spaced 
much closer at bottom of column than 
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at top. Two uppermost yokes are 
spaced 24 in. apart. Next one below 
is spaced at 20 in.; three at 18 in. each; 
three at 15 in.; three at 12 in.; and three 
more at 10 in.; provided length of column 
requires. To determine spacing for a 
column of any given height consider 
length of column as being measured 
from top. When dealing with octagonal 
columns, yokes are spaced similarly, 
using 3¢-in. by 214-in. iron straps in- 
stead of 2 by 4 in. or 3 by 4 in. wooden 
yokes.—C. BACHMANN 


The structures on the bathing 
beach of Karlsruhe on the river 
Rhine near Rappenwoerth (Ger- 
many). AMANN AND PLAESTERER. Ze- 
ment (Germany), Jan. 1930, V. 19, 
No. 5, p. 103-7—Description of the 
construction of a number of buildings 
and a bridge in reinforced concrete on a 
modern bathing beach.—A. E. Berrt- 
LICH 


Winter jobs in reinforced con- 
crete construction. Luz Davin. 
Zement (Germany), Jan. 1930, V. 19, 
No. 4, p. 79-85.—Possibilities for con- 
struction of buildings of reinforced con- 
erete under cold weather conditions 
are demonstrated. Cost calculations 
for several cases in practice are in- 
cluded. Heating and thawing of raw 
materials in housed bins are described 
and a formula is derived for calculation 
of temperature of mixtures. Instruc- 
tions are given for practical lubrication 
of the equipment and for the protection 
of concrete over night by covering and 
heating.—A. E. Brrriicu 


The construction of superstruc- 
tures. ‘‘Die Konstruktion von 
Hochbauten.”’ Orro Frick anp Karu 
Knoriu. 1929, 10-11 Ed. B. G. 
- Teubner (Leipzig). R. M. 9.60. Re- 
viewed in Zeitschrift des oesterreichischen 
Ingenieur und Architekten  Vereins 
(Austria), Jan. 1980, V. 82, No. 5-6, p. 
47.—The book with its 368 pages 
discusses the various kinds of building 
construction; especial consideration 1s 
given to heat economy.—A. E. Berr- 
LICH 

Norton Memorial Hall. (See 
AR CHITECTURAL DESIGN.) 
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Dams 


The development of concrete 
construction in the United States 
of America. H. Griesen. Zement 
(Germany), Jan. 1930, V. 19, No. 5, p. 
107-11.—A description is given of the 
developments in the concrete technic 
in the construction of the dams, Diablo 
(Wash.), Calderwood (Tenn.), and 
Kenogami (Que.). (cf. Eng. News- 
Record, Aug. 29, 1929, p. 320 and Oct. 
24, 1929, p. 641.)—A. E. Burruicu 
MISCELLANEOUS 


A new swing crane for construc- 
tion jobs. Fr. NeLiissenN. Zement 
(Germany), Jan. 1930, V. 19, No. 3, p. 
61-2.—A movable crane, operated by 
compressed air, is described. The 
crane can lift and carry stones up to 
150 kg. and is very useful on construc- 
tion job.—A. E. Brrriicu 


Specifications for mortars and 
concrete. (See MATmHRIALs.) 


Baldwin filtration plant, Cleve- 
land, Ohio. (See ENGrnEERING DrE- 
SIGN.) 


The lock in the river Neckar at 
Heidelberg, Germany. Zement (Ger- 
many), Jan. 1930, V. 19, No. 1, p. 8-9. 
—A short description of the construc- 
tion of a lock in reinforced concrete.— 
A. E. Brrriicu 


Construction with reinforced 
concrete. ‘‘Der Eisenbetonbau.’’ 
(Germany). C. Kersten. Part 2, 12th 
edition, Wilhelm Ernst and Son, 1929. 
Reviewed in Zement (Germany), Dec. 
1929, V. 18, No. 50, p. 1449.—The 
book shows every possibility for the 
application of reinforced concrete to 
construction. Five sections deal with 
the following subjects: Construction 
of (1) buildings, the different kinds of 
ceilings, outer-walls, partition-walls, 
roofs, halls, joists; (2) foundations; (3) 
concrete pipes, containers for liquids 
and storage bins; (4) dams, dikes and 
caissons; (5) roads and bridges and 
industrial buildings—A. E. Bririica 


A device for the control of the 
efficiency of construction engines. 
ScHNEIDER-ARNOLDI. Zement (Ger- 
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many), Jan. 1930, V. 19, No. 2, p. 32-4. 
—A device in form of a clock can be 
attached to any movable part of an 
engine and every movement is auto- 
matically registerd. Its chief applica- 
tion is for elevators.—A. E. Brirticn 


Promotion and sale of ready- 
mixed concrete. ArtHuR C. AVRIL. 
Rock Products, Jan. 4, 1930, V. 33, No. 
1, p. 157-161.—Plant description of the 
Avril Tru-Batch Concrete, Inc., Cin- 
cinnati, Ohio, and the methods used to 
promote use of ready-mixed concrete. 
Six factors contribute to successful 
operation: (1) Deliveries must be made 
at the time specified and on a precise 
schedule. (2) Concrete must be dis- 
charged from the trucks in good work- 
able condition and it must be of a 
proper, uniform consistency to insure 
a perfectly smooth, dense structure if 
carefully placed. (8) Batching and 
mixing of the concrete must be done 
under accurate plant control. (4) 
Different mixes must be designed in 
accordance with intelligent, scientific 
procedure, combined with practical ex- 
perience. (5) Plant should be designed 
to need very few men in its operation. 
(6) Efficient heating plant is absolutely 
necessary for winter business. Methods 
of maintaining concrete control, hand- 
ling frozen aggregate, delivery fleet 
production records and forms are given. 
—J. J. Lanpy 


Self-unloading bulk cement cars. 
Rock Products, Jan. 4, 19380, V. 
33, No. 1, p.150. All-steel bulk cement 
rail carriers with special screw con- 
veyor unloading devices designed for 
shipment to metropolitan areas or to 
contract jobs. Three illustrations.— 
J. J. Lanpy 


Construction engines. ‘‘Bau- 
maschinen.’”’ Hans Frruu.  (Ger- 
many), 1929. R. Oldenbourg, Muen- 
chen and Berlin. Reviewed in Zement 
(Germany), Jan. 1930, V. 19, No. 3, 
p. 64.—In six sections are described all 
kinds of machinery which are used in 
construction work. Tables are given to 
facilitate their design and construction. 
—A.E. Bririicu 


““Scha- 
FRANZ 


Lining and scaffolding. 
lung und Ruestung.’’ 


Borum. (Germany.) Wilhelm Ernst 
und Son, 1929. Reviewed in Zement 
(Germany), Dec. 1929, V. 18, p. 1402. 
—Book of 132 pages gives instructions 
for form linings and their transporta- 
tion, and scaffolding, showing how un- 
necessary costs can be prevented.—A. 
EK. Brrriicu 


Cost calculation for engineer- 
ing construction. ‘*Kostenbere- 
chnung im Ingenieurbau.’”’ (Ger- 
many.) Hugo Rirrer. 2nd Edition, 
1929. Julius Springer. Reviewed in 
Zement (Germany), Dec. 1929, V. 18, 
No. 52, p. 1475.—The book helps the 
contractor to calculate in advance the 
costs. for any construction program 
including transportation of materials, 
engines, digging, concrete, masonry, 
woodwork, pipe laying, pavements, 
tools and other costs.—A. E. Brrruice 


Advances in structural concrete 
in 1929. Concrete, Feb. 1930, V. 36, 
No. 2, p. 13.—Use of ready-mixed con- 
crete on structural work made most 
decided advance in 1929. A _ Phila- 
delphia concern sold 250,000 cu. yd. in 
that city, and is installing additional 
equipment to take care of an expected 
volume of 400,000 cu. yd. in 1930. It 
is now necessary to make distinction 
between concrete centrally mixed and 
mixed in transit. Former is mixed at 
central plant, discharged into trucks 
and hauled to destination in mixed 
form. Latter is mixed in specially de- 
signed concrete mixers mounted on 
trucks, actual mixing taking place while 
truck 1s in transit from material storage 
bins to place of delivery. Tests of far- 
reaching importance, to determine 
increased carrying capacity of steel 
beams when encased in concrete, were 
conducted during latter half of 1929 at 
Gary plant of the American Bridge Co. 
Observers learned that the concrete 
added greatly to the strength of beams. 
Prospects for structural concrete work 
in 1930 may be considered in light fore- 
casts relating to general construction 
prospects. General opinion seems to 
support prediction structural work in 
general, and concrete work in parti- 
cular, will at least equal corresponding 
figures of 1929.—C. BacHMANN 
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Railway uses central mixing 
plant on 17-mile project. F. L. 
Rippie. Concrete, Feb. 1930, V. 36, 
No. 2, p. 27.—Connellsville Extension 
of Pittsburgh & West Virginia Railway 
is probably first new-line railway con- 
struction project on which centrally 
mixed concrete has been used ex- 
clusively. It will require about 60,000 
cu. yds. of concrete in construction of 
bridges and tunnel lining, major 
structures consisting of one crossing of 
Monongahela river and two crossings 
of Youghiogheny river. During summer 
of 1929 a stretch of 17144 miles of line 
was under construction. Three classes 
of concrete were placed according to 
water-cement ratio specification. Classi- 
fication was controlled by cylinders 
broken at 7 and 28 days, minimum re- 
quirements being 3,000 lb. per sq. in. 
for Class A concrete, 2,500 lb. for Class 
B, and 2,000 lb. for Class C. One of 
greatest advantages of central mixing 
plant was ease with which aggregates 
could be assembled and stored. Another 
major advantage arises from fact that 
large permanent mixing plant can be 
established where most approved equip- 
ment and methods for control of the 
concrete can be installed. Third im- 
portant and obvious advantage comes 
from fact that central mixing plant 
enables railway company to inspect 
concrete at one source, thereby eli- 
minating the need for placing inspectors 
at each structure. Concrete was de- 
livered to various structures in high- 
speed trucks. Greatest time required 
for delivery from mixer to point of use 
was about 45 minutes—C. BacuMann 


RoapDs AND PAVEMENTS 


Handbook of new road construc- 
tion methods with bitumen, tar 
and portland cement. ‘Handbuch 
der neuen Strassenbauweisen mit 
Bitumen, Teer und Portland Ze- 
ment als Bindemittel.’’ W. REINER. 
1929, Ist Ed. Julius Springer. R. M. 
30.50. Reviewed in Zeitschrift des 
oesterreichischen Ingenieur und Archi- 
tekten Vereins (Austria), Jan. 1930, V. 
82, No. 3-4, p. 29.—Book is most com- 
plete work dealing with modern road 
construction. Different test methods 
and effect of static and dynamic forces 
on surface of pavements are character- 
ized.—A. E. Bririicu 
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Highway research in 1929. R. W. 
Crum. Rock Products, Jan. 4, 1930, V. 
33, No. 1, p. 153-154.—Summaries of 
principal developments and _ experi- 
mental work.—J. J. Lanpy 


Accuracy of water measurement 
on paving mixers.* Bert Myers 
anD F. C. Lang—Two series of tests 
were made to determine the accuracy of 
water measuring devices used on paving 
mixers, the first being a field study 
made by the Iowa Highway Com- 
mission and the second a laboratory 
study made by the Minnesota Highway 
Department. In both of these series 
the effect of the following variables on 
the accuracy of the measurement were 
studied: (1) effect of air entrapped in 
measuring system, (2) overlapping in 
the opening cycles of the control valves, 
(3) variable pipe line pressures and (4) 
personal equation of the operator. In 
addition, the laboratory study included 
consideration of the effect of variation 
of grade and super-elevation as well as 
time of filling and discharging on 
accuracy of measurement. Results of 
both of these investigations emphasize 
the need for improvement and refine- 
ment of design and construction of 
equipment used for measurement of 
water for concrete mixers. One promi- 
nent defect of the measuring devices 
observed was in the three-way valve, 
unless this valve was automatically 
controlled. The mixer operator could 
inject into mixer drum any additional 
amount of water, over and above that 
set on the indicator, by holding the 
valve lever in an intermediate position 
between the ‘fill’ and “discharge”’ 
positions. This was possible because 
both intake and discharge valves were 
open at same time and an unmeasured 
quantity of water was passed from 
supply line directly to mixer drum. 
With rapid operation of the valves this 
measured quantity is small, but in- 
creases with slowing of the valve opera- 


‘tion and increase in pipe line pressure. 


This same criticism ‘applies to con- 
nected gate valves not so interlocked as 
to prevent one valve opening before 
other is completely closed. Quantity 


*Presented before the 9th annual meeting of 
the Highway Research Board, Washington, 
D. C., December 13, 1929. Abstracted in 
advance of publication. 
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of water delivered to drum was also 
affected by superelevation and grade. 
This effect was much greater in tanks 
mounted with the axis horizontal than 
for tanks mounted with the axis ver- 
tical, because it is practically impossible 
to design an adjustable draw-off or dis- 
placement device which will provide 
for delivery of a constant quantity of 
water from a tank whose axis is hori- 
zontal for all normal positions of the 
tank and all settings of the control 
device. Effect of variations in pipe 
line pressure may be eliminated by 
interposing a supplementary tank open 
to the atmosphere from which water 
will be fed to measuring tank by 
gravity. Air entrapped in measuring 
tank may be removed by substituting 
for air relief valves a riser pipe with a 
height equal to that of top of the sup- 
plementary tank. One other improve- 
ment in connection with operation of 
valves that may be worthy of con- 
sideration would be to so arrange the 
mechanism that it would be difficult for 

operator to introduce into the mixer 
drum a quantity of water in addition 
to measured quantity or make it im- 
possible to do this without the know]l- 
edge of the inspector. Attention is 
called to the fact that mixer manu- 
facturers have taken note of results of 
these studies and have made many of 
the improvements suggested. Valves 
have been improved to prevent passing 
of water directly from pipe line into the 
mixer drum. Vertical tanks have been 
substituted for horizontal tanks. In- 
dicating devices have been improved 
and several manufacturers are prepared 
to furnish mixers equipped with supple- 
mentary tanks so arranged that water 


is fed t to the measuring tank by gravity 
and a riser pipe open to the air is sub- 
stituted for air relief valves. 

Improvements which will eliminate 
principal sources of error in water 
measurement can be made at a nominal 
expense on mixers now in use. The 
enforcement of specifications requiring 
accuracy of water measurement will no 
doubt stimulate further improvements 
in design of water measuring devices. 
—F. H. Jackson 


Sheet concrete pavement placed 
on Ambassador bridge approaches. 
Concrete, Jan. 1930, V. 36, No. 1, p. 27. 
—Pavement for the approaches to the 
first span of land section of the Ambas- 
sador bridge across the Detroit River, 
connecting Ontario with Detroit, Mich., 
was constructed of concrete by the 
sheet concrete method to provide a 
resurfaceable concrete pavement on 
earth fill. Method followed consisted 
of jaying a 7-in. base course of concrete 
and a 2-in. top separated from the base 
by a sheet of coarsely woven burlap, 
making the total thickness of the slab 
9in. Pavement was built in rectangu- 
lar sections, side forms being set to the 
proper elevation and grade. These 
sections were 30 ft. long and 11 ft. 9 in. 
wide, contains approximately forty 
square yards of 9-in. concrete pave- 
ment, or ten cubic yards of concrete 
each. As soon as the top course was 
dumped from the concrete buggies and 
spread over the steel mat, the mat was 
removed by working it to the top of the 
concrete and then lifting it out of the 
way bodily. The side forms for the 
panels were constructed to provide a 
keyed joint between adjoining panels. 
—C. BACHMANN 


SHop MANUFACTURE 


Review shows concrete products 
invading new fields. Concrete, Feb. 
1930, V. 36, No. 2, p. 16.—Recent 
survey of more than 4,000 concrete 
products plants, representing about 90 
per cent of total volume, indicated that 
decrease in concrete masonry in 1929 as 
compared with 1928 was less than half 
of decrease in the residential building 
field. This indicates concrete masonry 
was used in much larger percentage of 


non-residential construction during past 
year than ever before. The survey of 
concrete products plants also revealed 
largest decrease in operating plants in 
any year since record of industry has 
been kept. From 1919 to 1928, de- 
crease in plants totaled 40 per cent. 
In 1929 approximately 15 per cent less 
plants were in operation than in 1928. 
The Cast Stone Institute has made 
more progress in 1929 than any other 
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branch of the concrete products in- 
dustry. Strong competition in con- 
crete burial vault field led group of 
Ohio burial vault manufacturers to 
start work on standard specification 
regulating quality, resulting in marked 
improvements in quality of concrete.— 
C. BAacHMANN 


Testing cement colors. Concrete 
Building Concrete Products, (England), 
Jan. 1930, V. 5, No. 1, p. 6-7.—Suita- 
bility of mineral colors for mixing with 
cement to produce colored . concrete 
depends upon staining power, fineness, 
freedom from efflorescence and light 
resistance. Reliable tests applicable 
even by small operator are as follows: 
(1) Test for contraction in which one 
part of color is mixed dry with two 
parts cement and distilled water added 
to make quaky consistency. Mixture 
is spread on glass and allowed to 
harden in air for 24 hrs. It is then 
placed under water and observed for 
cracks. (2) Test for fading—Distilled 
water is added to dry color and thor- 
oughly shaken, making a creamy fluid. 
A suitable color will mix readily and 
not float. Chloride of lime is mixed 
with part of the creamy sample and 
both parts observed on glass for differ- 
ence in color. Useless colors result in 
paler or mottled appearance. (3) Test 
for staining power—Small quantities 
of different colors are mixed with 10 
volumes of cement by passing repeat- 
edly through fine sieve. Mixtures are 
spread on glass and water added to 
make soft paste. After samples are 
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dried, results are compared. (4) Test 
for fineness—Color is mixed with water 
and allowed to settle. Water is drained 
off and color dried by artificial heat. 
Inspection of broken part under magni- 
fying glass will reveal coarse particles 
near bottom. (5) Test for light resist- 
ance—Pastes. of color and distilled 
water sealed between two glass plates 
and part of pat is covered by black 
paper. After exposure to sun or strong 
artificial light, contrast between ex- 
posed and covered portions determines 
light resistance. (6) Test for aniline— 
Separate samples mixed with water, 
turpentine and alcohol are thoroughly 
shaken. The presence of color in any 
of the liquids after allowed to settle 
indicates presence of aniline-—D. F. 
JENNINGS 


The presence of coal in concrete 
cinder blocks. Mixtures of fine 
ashes and clinkers. Chem. Ind., 
(Germany), 1930, V. 28, p. 86.— 
Failures in cinder blocks are attributed 
to the presence of underburned ma- 
terial —(From Portland Cement Ass’n 
Literature Supplement.) 


Glazed concrete as decorative or 
facing material. O. WmpEGARTNER. 
Brit. Sci. Abs. (England), 1929, V. 2, 
No. 12, p. 484.—Several examples of 
the use of cold glazed cement products 
for decorative and facing purposes are 
illustrated and briefly described.— 
(From Portland Cement Ass’n Litera- 
ture Supplement.) 
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MATERIALS 


ADMIXTURES 


The effect of trass on the setting 
time of cements. A. Srropon. T'o- 
nind. Ztg. (Germany), Feb. 20, 1930. 
V. 54, No. 15, p. 237-9. —Trass from 
Slanic and Dej, Rumania, when added 
to standard portland cement, to high 
early strength cement and to Kiuhl 
cement increased water requirement 
in all cases and slowed up setting 
reactions, except with last, with which 
an acceleration was noted.—F. O. 
ANDEREGG 


Porcelain aggregate as an admix- 
ture for mortar. Hpinricn Lurrt- 
scH1Tz. Tonind. Zig. (Germany), 
Feb. 24, 1930. V. 54, No. 16, p. 255-7. 
—Crushed porcelain may be added to 
mortar to give an especially fine pro- 
duct, strong and resistant to abrasion. 
—F. O. ANDEREGG 


Rhenish trass as a hydraulic 
admixture for concrete and mortar. 
“Das Betonwerk, (Germany), Feb. 9, 
1930, V. 18, No. 6, p. 73. With the 
exception of lime no binder has an 
older history than trass. The dura- 
bility of trass is unquestioned; for 
example, the Roman construction in 
the Rhine Valley. The outstanding 
quality of a trass lime mortar consists 
of its high elasticity and resistance to 
water action. The use of trass in 
cement concrete is recommended be- 
cause it increases plasticity and resist- 
ance to disintegration. It increases 
hardness and combines with free lime 
transforming it into silicate of lime. 
The admixture of trass prevents segre- 
gation. Hair cracks are prevented by 
its use and premature drying out pre- 
vented. It is also claimed that the 
hardening temperature is lowered.— 
H. FRAUENFELDER 


Admixtures to waterproof con- 
crete. Das Betonwerk Jan. 5, 1930, V. 
18, No. 1, p. 83—Formulae for several 
kinds of admixtures are given, includ- 
ing, first, aluminum steareate. Use of 
this material integrally fills pores with 
water repelient substance without hin- 
dering setting of cement. - Second, a 


watery paste of 40 per cent barium 
carbonate, 15 per cent oleic acid, 10 
per cent sodium silicate (thinned with 
4% its volume of water) and 35 per cent 
water. This paste should not only 
make concrete watertight but also 
prevent efflorescence. Third, a mixture 
of fine sand, common laundry soap and 
alum. Soap should be composed of 50 
per cent soap, 40 per cent water and 10 
per cent sodium silicate. One part, 
soap dissolved in boiling water is added 
to 3 parts fine sand by weight. This 
mixture is allowed to cool and become 
hard, then ground to a fine powder. 
To each 2 parts of this powder, 1 part 
powdered alum is added. Resultant 
powder is used in the proportion of 214% 
kilograms to 1 cubic meter of concrete, 
filling pores with water repellent alum- 
inum oleate. Fourth, a mixture of | 
sodium carbonate and aluminum sul- 
phate, proportioned 1 to 11% is added 
to 100 parts cement. Treated cement 
is used in regular way. Fifth, other 
very complicated formulae are de- 
seribed, which make use of china clay, 
sodium silicate and calcium chloride.— 
H. FRAUENFELDER 


Cement admixtures — a com- 
ment. Roy Cross. Rock Products, 
Feb. 15, 1930, V. 33, No. 4, p. 75-76.— 
In all masonry work, hydrated lime or 
some other admixture has always been 
demanded by the actual user of cement. 
Admixture controversy is seemingly 
rejuvenated with each new generation. 
Much of misunderstanding has been 
caused by lack of satisfactory labora- 
tory method of determining workability 
of concrete. Conclusions drawn by 
Prof. Abrams in recent report ignore 
water-cement ratio. From data taken 
from Abrams’ paper in Proc. of Am. 
Soc. for Testing Materials, V. 29, part 
2, 1929, arranged with same water- 
cement ratio, and admixture designated 
in Prof..Abrams’ recent conclusions to 
be most injurious, results show in prac- 
tically all instances, action of bentonite 
increased compressive strength. Slump 
test 1s not a measure of workability. - 
Literature relative to effect of puzzo- 
lanic materials on portland cement, 
seemingly has been overlooked. Paper 
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presented by Andreas Lundteigen, 
April 7, 1897, (c.f. Notes on Portland 
Cement and Concrete, Trans. Am. 
Soc. C. E., No. 807) sets forth condi- 
tions under which admixture of trass 
improved portland cements for certain 
purposes. Effect of volcanic silica de- 
rived from volcanic ash used by Mr. 
Lundteigen is to react with excess of 
lime developing during hardening and 
setting of cement. One table is included. 
—Jay Boon 


Sodium silicate as an addition 
tocement. H. Nitzscue. Zement 
(Germany), March, 1930, V. 19, No. 
10, p. 213-4. — Experiments con- 
cerning the influence of sodium 
silicate on the resistance of portland 
cement and blast furnace slag cement 
against sulphate solutions. The ce- 
ments were mixed with sodium silicate 
up to 6.5 per cent and testpieces were 
made with standard sand (1:4). The 
changes in the length of the testpieces, 
which were stored in water and a 5 
per cent MgSO,—solution, were ob- 
served. Portland cement showed im- 
provements with additions of 1.5 and 
6.5 per cent. The samples of blast 
furnace slag cement showed deteriora- 
tion —A. E. Brrriicn 


The effect of calcium chloride on 
concrete. Water Osst. Zement 
(Germany), Feb., 1930, V. 19, No. 9, p. 
203-4.—Additions of CaCk to concrete 
prevent freezing of the latter during 
cold weather conditions. The strength 
properties are much influenced, especi- 
ally with a higher percentage of CaCh. 
The initial strength is increased with 
increasing amount of CaCl, but: retro- 
gression takes place in later ages. The 
author claims 2 per cent as the best 
admixture and advises not to exceed 3 
per cent.—A. E. Brrriicn 


AGGREGATES 


New quarry and plant near 
Orofino, Idaho, prepares crushed 
and pulverized limestone. Pit and 
Quarry, March 12, 1930, V. 19, No. 12, 
p. 67-70.—Plant produces chiefly lime- 
stone products, but plans are laid for 
the manufacture of lime. Article des- 
cribes geology, quarrying, transporta- 
tion of rock by an aerial tramway and 
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the crushing, screening and pulverizing 
operations of the Clearwater Lime 
Products Co. Thirteen illustrations — 
A. J. Hoskin 


Contraflow gravel washer. Engi- 
neer, Apr. 1J, 1930, V. 149, No. 3874, 
p- 413.—Gravel washing plant in- 
stalled in Buckinghamshire, has ca- 
pacity of 30 tons per hr. Washing is 
by the cascade system. Drum washer, 
5 ft. 6 in. diameter, supported on 
rollers in phospher bronze bearings, is 
rotated at 4 revs. per min. by chain 
drive. Gravel is propelled forward by 
continuous helical blade on inner side 
of drum, width of blade varying from 
6 in. at charging end to 1 ft. at outlet. 
Water is introduced at opposite end and 
falls in series of cascades in face of on- 
coming gravel, towards delivery end, 
where it discharges over a lip. Only 
clean water meets clean gravel. At 
discharge end, gravel is lifted by radial 
paddles and dropped over concentric 
conical chute, which leads it into 
sereens. First part of screens is solid 
cylindrical plate, with means of dis- 
charging whole of gravel unscreened if 
required. Beyond this are 3-16th-in. 
and 114-in. screens, separation being 
helped by separate water jet. Sand 
drops into hopper fitted with partition 
plate; where it falls to the bottom on 
one side of the baffle plate. Small 
bucket elevator removes settled sand 
from other side of partition which is to 
prevent undue agitation of water in 
hopper. Stones are prevented from 
jamming in perforations ‘in screens by 
roller mounted on separate spindle, 
which presses inwards against any 
pebbles which project through the 
holes.—Joun E. ADAMS 


Gravel washing plant. Cont. Jour. 
Specif. Record (England), Apr. 9, 1930. 
V. 102, No. 2652.—New gravel washing 
crushing and grading plant has been 
opened near Swindon, for working 
extensive deposit of limestone gravel. 
The power unit consists of 30 B. H. P. 
crude oil engine, vertical two-stroke 
type. Water supply consists of gravity 
flow from tank fed by pump delivering 
3000 gal. per hr. Water from washer is 
discharged into an open culvert which is 
rectangular in cross section and con- 
tains several right angle bends. The 
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cross section and bends have been 
determined by experiment to give just 
that velocity to escaping water which 
will deposit sand in suspension but not 
the finer particles of clay. Clean sand 
is collected at intervals and muddy 
water flows into a settling pit. The 
engine room contains centrifugal water 
pump, hand operated air compressor 
and two bottles, for starting —Joun E. 
ADAMS 


Sea salt as cause of decay of 
limestone. P. W. Barnert. Arch. 
Jour. (England), Apr. 9, 1930, V. 
71, No. 1838, p. 586.—Although there 
is evidence that sea salt is carried inland 
by wind accidental direct contamina- 
tion with sea water, either in the quarry 
or truck, is more probably the cause of 
decay in Portland stone. Stone firms 
are therefore advised to see that no 
stone which has been in direct contact 
with sea water is put on market.— 
Joun E. ADAMS 


Need for simplification of sizes 
in sand and gravel industry. F. H. 
Jackson, Rock Products, Feb. 1, 1930, 
V. 33, No. 3, p. 81-83.—Efforts have 
been largely misdirected to present time 
endeavoring to establish single series of 
standard material sizes. There appears 
to be no real engineering reason for this. 
Efforts of producers, consumers, public 
officials and professional engineers 
should be used to promulgate set of 
standards for each large producing area, 
taking into consideration natural char- 
acteristics of materials and writing 
specifications so that best application 
of these characteristics could be made. 
Engineer should be able to design mix- 
ture of required quality regardless of 
exact grading of aggregate furnished. 
He should have assurance that same 
size and grading upon which he estab- 
lished his design, can and will be 
furnished to job from start to finish. 
No need for national standardization. 
Primary gravel sizes recommended are: 
No. 4 to 4%-in.; %-in. to 34-in.; 34-in. 
to 1-in.; l-in. to 14%-in.; 114-in. to 2-in. 
Specifications of various users for any 
aggregate for given purpose must be 
same in any given production region 
before problem is really solved.—Jay 
Boun 


CEMENT 


New quarry and improvements 
have modernized west’s pioneer 
wet process cement plant. FRANCIS 
Cuurcu Lincoun. Pit and Quarry, 
Mar. 12, 1930, V. 19, No. 12, p. 41-48. 
—Gives history of Olympic Portland 
Cement Company’s plant at Belling- 
ham, Wash., since erection in 1912, with 
its many improvements. Limestone 
quarry face is 75 ft. high and 500 ft. 
long, worked in three benches. Aerial 
tramway handles crushed rock from 
surge bin down to railroad, a vertical 
drop of 1,000 ft. and horizontal distance 
of 1,800 ft., where hopper-bottom rail- 
road cars transport it to cement plant. 
Clay is also shipped in by rail. Raw 
material grinding is done in three stages 
including tube mill and ball mills. 
Slurry is fed to kilns by slow-motion 
plunger pumps. Air-cooled clinker 
passes to storage, thence to bins above 
the finish mill. Cement is withdrawn 
from silos to screw conveyor in tunnel 
and elevated to steel bins over packers. 
Filled bags are belt-conveyed to railway 
cars. The company is British. Four- 
teen illustrations —A. J. Hoskin. 


Oklahoma Portland Cement Co. 
conducts systematic safety prac- 
tices. H.W. Mitimr. Pit and Quarry, 
March 12, 1930, V. 19, No. 12, p. 84. 
This plant’s safety director discusses 
history of the safety activities which 
began in 1925 and the methods of 
interesting employees.—A. J. Hoskin 


Marquette Cement Mfg. Co. 
speeds up service by new distribut- 
ing system. P2t and Quarry, March 
26, 1930, V. 19, No. 18, p. 19-22— 
Self unloading barges used systemati- 
cally for transport of bulk cement from 
plant at Cape Girardeau, Mo., to 
plants in St. Louis, Mo. and Memphis, 
Tenn. At Cape Girardeau plant, loose 
cement is handled by pneumatic pump 
through large rubber hose to specially- 
designed hopper-shaped railroad cars 
which are hauled to dock. Here elec- 
trical connection is made and _ longi- 
tudinal screw conveyor at bottom of 
each car feeds cement to another pump- 
ing system which conveys it through 
pipe line to barges. Each of four new 
all-steel barges has capacity of 800 
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tons, and is equipped with collision 
bulk-heads at each end. One barge is 
loaded at plant while two are being 
unloaded at terminal plants and fourth 
is enroute. Unloading is by means of 
9-in. screw conveyors at bases of the 
hoppers, a 12-in. cross conveyor and 
pneumatic pump which forces cement 
through pipe line and flexible hose to 
shore-line pipes leading to concrete 
storage silos above packing room. 
Memphis silos have capacity of 15,000 
bbl. and St. Louis silos, 30,000 bbl. 
Nine illustrations—A. J. Hoskin 


New Orleans plant of Interna- 
tional Cement Corp. remains one 
of leading plants in South. Pit and 
Quarry, March 26, 1930, V. 19, No. 13, 
p. 37-47—All raw materials and 
finished product are shipped by water. 
Quarry is at St. Stephens, Ala., about 
275 mi. by water trom the plant. Lime 
rock and shale are excavated, without 
drilling and blasting, by electric crawler 
shovels, and hauled to crusher house 
where the rock passes through a ham- 
mer-mill and onto a belt conveyor 
which carries it to barges. Three 
barges, with combined loads of 3,600 
tons, are towed by diesel towboat and 
tug. Silica sand dredged from nearby 
lakes, is hauled to the plant on barges. 
Pug mill reduces shale and limestone. 
Complete mixture of rock and sand is 
ground by Kominuters, discharged to 
bucket elevator, to a mixing trough, to 
tube-mills. Ground material is elevated 
to three concrete slurry correcting 
basins, thence to blending basins. 
Slurry feeds by gravity to elevators, to 
trough with horizontal agitator along 
bottom. Ferris-wheel feeds slurry to 
pot where it is mixed with dust recov- 
ered from kiln chamber. Kilns are fed 
by gravity and discharge to rotary 
coolers. Clinker passes to preliminary 
tube mills, thence to finish tube-mills. 
Screw conveyors distribute cement to 
storage silos. Conveyors move sacked 
cement to railroad cars or trucks. 
Thirty-one illustrations.—A. J. Hosk1n 


Internationalization of the port- 
land cement standards—Part II. 
C. R. Prarzmann, Rock Products, Feb. 
jegelO30s Vee 3c, No.3, p..- 60-61 — 
There is evidence of keen interest in all 
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parts of world in international stand- 
ardization of portland cements by 
producers and consumers. There is 
need of emancipation from multitude 
ot standards set up by different coun- 
tries. Much of respective specifications 
could be retained. Probability exists of 
increasing minimum value of hydraulic 
modulus from 1.7 to 1.8-1.9. Maximum 
admissible magnesia content of 5 per 
cent, and maximum content of 2.5 per 
cent sulphuric anhydride are to be 
permitted. Specifications concerning 
specific gravity, ignition loss and insolu- 
ble residue can be considered as un- 
necessary. Figure of 3 per cent for 
admixtures for special purposes should 
be retained. Conformity now exists in 
Vicat needle apparatus, height of 
specimens and needle weight. There is 
far less harmony regarding setting, as 
such, and manner of determining start 
of setting. Complications arise im 
testing for soundness. Degree of 
fineness of grinding must receive con- 
sideration. Tests for compressive and 
tensile.strength will have to be binding. 
Preparation of test specimens will have 
to be standardized. Customary speci- 
fications governing amounts of mixing 
water may be retained. Initial move- 
ment towards international standard- 
ization considers only portland cement. 
Slag cement, blast furnace cement, high 
early strength cement, and alumina ce- 
ment to be considered later.—Jay BoHN 


Delivery under ‘‘more or less’’ 
contract for sale of cement. LxEsiLin 
Cuitps. Rock Products, Feb. 1, 1930, 
V. 33, No. 3, p. 61.—Differences of 
opinion and considerable litigation have 
followed on terminology of contract for 
sale of cement to be used upon particu- 
lar job, and quantity to be delivered is 
named, followed by the phrase “more or 
less.”” This subject of law of sales can- 
not be covered by any hard and fast 
rule, because each case of this kind has 
been decided upon facts involved. It is 
a question of whether the quantity 
named, or buyers’ requirements for par- 
ticular job will govern. Generally 
speaking where purchase is made for 
particular purpose, and buyer is obhi- 
gated to use only material from seller, 
a “more or less’ provision will give 
buyer right to his requirements at. 
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contract price regardless of market 
price. Citation of Oklahoma case of 
Sherman M. & L. Works v. Carey, 
Lombard, Young & Co., 227 Pac. 110. 
Court held, reversing decision of lower 
courts to contrary, that, “where the 
purchase is for a specific purpose and 
for a particular mdividual to be used 
for a certain and definite purpose, all 
of which facts are made known to the 
seller . . wherein purchasers agree 
to use no other brand of cement... . 
then amount of material necessary to 
complete job or contract of purchaser, 
becomes essence of contract, rather than 
specification wherein certain amount 
of material is designated, more of 
less.”’—Jay BouN 


Trass portland cement. H. Ricx- 
Arz. Zement (Germany), Feb. 1930, V. 
19, No. 6-7, p. 120-3, 144-8.—Contri- 
bution to the question of possibilities 
for use of trass and clinker mixtures. 
Testpieces were made from portland 
cement clinker and standard sand (1:3) 
and from 70 parts of this pertland 
cement, 30 parts of trass and standard 
sand (1:3, 1.05:3 and 1.1:3). Parallel 
determinations were made with vary- 
ing additions of gypsum. Sieve residues 
of trass cement were higher than those 
of portland cement. Addition of trass 
retarded setting process for about two 
hours. Tensile strength of trass cement 
was always lower than portland cement 
except after 90 days water storage. 
Compressive strength was lower in all 
cases. Another series of tests was 
made by grinding raw materials to- 
together. Tensile and compressive 
strengths of trass cement were, in 
nearly every case, higher than strength 
of portland cement; furthermore trass 
cement set 1 hour and 20 min. faster 
than the portland cement. Similar 
tests were carried out with tufaceous 
material instead of trass. The strength 
properties in general were lower and 
setting slower than in the case of port- 
land cement. Conclusions are drawn 
for practical use and manufacture of 
trass cement. Several references are 
given.—A. E. Brrriicn 


Clinker concrete as a lining for 
the rotary and shaft kiln. O. Frey. 
Zement (Germany), March, 1930, V. 


19, No. 11, p. 239.—-Clinker of a certain 
grain size and a suitable softening point 
can be used with great advantage as 
lining in cement kilns. The clinker 
bricks must be stored for at least three 
to four weeks before being used.— 
A. E. BritiicH 


Portland cement and pozzuo-_ 
lana. <A. Pouusen. Tonind. Zig. 
(Germany), Feb. 3, 1930. V. 54, No. 10, 
p. 161-2——Moler, a Danish diatoma- 
ceous earth, on calcining, may be 
ground with three times its weight of 
portland cement clinker to form a 
cement of good strength and of especial 
usefulness for concrete in contact with 
sea water and other corrosive waters. 
—F. O. ANDEREGG 


Air separated cement. ‘An SOBs 
Hewpig. Zement (Germany), March, 
1930, V. 19, No. 11, p. 237-9.—The 
advantages of the installation of an 
air separator in the grinding process of 
a cement mill are demonstrated.— 
A. E. Brrriica 


MISCELLANEOUS 


The effect of sodium and potas- 
sium salts on combustion. J. E. 
Ducusz. Rev. materiaux construction 
trav. publics (France), Jan., 1930, No. 
244, p. 8-9.—An abnormal fusion of 
kiln lining was found to be caused by 
traces of alkalies, indicating that much 
hotter fire than ordinary had been used. 
It was found, and confirmed by expts. 
in. several kilns, that addition of 0.1 per 
cent NaCl to the coal resulted in saving 
of 15 to 25 per cent of fuel.—F. O. 
ANDEREGG 


Grinding tests with a tube mill 
without an air separator. Grossz, 
FOERDERREUTHER AND RAMMLER. Ze- 
ment (Germany), Feb., 1930, V. 19, 
No. 9-10, p. 189-94, 214-7.—Experi- 
ments were made to find the relation 
between fineness, power consumption, 
output, load limit and moisture of the 
powdered coal. The mill was a three 
compartment compeb mill (‘‘Solo-mill’”’ 
of 9m. length and 1.5m. diameter. The 
filling consisted of 2000 kg. steel balls 
(30-50 mm.) in the first, 2400 ke. steel 
balls (20-30 mm.) in the second and 700 
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kg. flint pebbles in the third chamber. 
Power consumption of empty mill 102 
K. W.; speed 27 r. p.m. Coal samples 
were taken from mill in certain time 
intervals for sieve analysis. It was 
possible to calculate the composition of 
the coal powder from a single test on 
one standard sieve. Graphs showing 
the relation between sieve residue and 
output are given. The influence of the 
output and power consumption on fine- 
ness were studied. Data are furnished 
about power consumption of elevators, 
table feeding devices, dust collection 
and dust transportation —-A. E. Brrr- 
LICH 


Gypsum and anhydrite as retard- 
ing agents. S.Srein. Zement (Ger- 
many), March, 1930, V. 19, No. 11, p. 
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240-1.—Solubility determinations of 
gypsum and anhydrite in distilled 
water and lime water were made. 
Setting time and strength of cements 
with gypsum and anhydrite were 
studied, and it was found, that anhy- 
drite has no improving effect on the 
cement (quick set and low strength). 
Test pieces were exposed to high pres- 
sure at certain time intervals shortly 
atter the mixing and the water pressed 
from these samples was analyzed. The 
water from the samples of clinker and 
clinker with anhydrite showed much 
higher alkalinity and remarkable lower 
CaO and SO; contents than the water 
from the clinker with gypsum. The 
first phase of the retarding process 
seems to be a neutralization of the alka- 
linity by the gypsum.—A. E. Brrrnice 


PROPERTIES OF CONCRETE 


Theory of the expansion of hy- 
draulic cements. Hurnri LaFuma. 
Rev. materiaux construction trav. pub- 
lics. (France), Dec., 1929, No. 243, p. 
441-4; Jan., 1930, No. 244, p. 48.— 
Those reactions that take place during 
the setting and hardening of cements 
are probably preceded by solution, 
while those that result in expansion or 
disintegration do not need to go through 
solution stage. Action of CaSO, on 
alumina compounds is an example ot 
latter—F. O. ANDEREGG 


Concrete mixing under dimin- 
ished pressure. Anon. Tonind. Zig. 
(Germany), Jan. 27, 1930, V. 54, No. 8, 
p. 131-2—In system developed by 
Emperger, aggregate is placed in mixer 
drum which is then filled with water 
and stirred enough to remove all air. 
Drum is then closed tightly and excess 
water is pumped out. Cement in sus- 
pension is then introduced and mixing 
proceeds under reduced pressure. The 
result is a concrete nearly tree of en- 
trapped air. D. R. Pat. has been 
applied for.—F. O. ANDEREGG 


The application of concrete in 
contact with the ground. WerrNER 
Moritz. Tonind. Ztg. (Germany), 
Feb. 17, 1930, V. 54, No. 14, p. 223.— 


The different corrosive substances 
found in ground waters must be taken 
into consideration before placing con- 
crete. Fused alumina cement was 
found generally to be more resistant to 
corrosive ground waters than portland 
or slag-portland mixes. Latter might 
be protected with tile set in tar or 
asphalt, but danger of the development 
of shrinkage cracks must not be for- 
gotten. F’. O. ANDEREGG 


The testing of plastic mortar. 
HarGERMANN. Tonind. Ztg. (Ger- 
many), March 3, 1930. V. 54, No. 18, p. 
296-9.—Proposal is made to _ sub- 
stitute for usual tensile test (German) 
with earth moist mortar, a flexural test 
with a plastic mortar. Consistency is 
to be adjusted on flow table, and bars 
4x4x20 cm. are suggested —F. O. 
ANDEREGG 


The examination of plastic mor- 
tars. G. HAnGERMANN. Zement (Ger- 
many), Feb., 1930, V. 19, No. 8, p. 
167-74.—The author outlines a method 
for the testing of plastic mortars by 
means of determining the compressive 
and bending strength. The methods by 
Ros, Féret and Schuele, which were 
accepted by the International Congress 
for Testing Materials, are described 
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and their disadvantages discussed. 
Results, obtained by these methods, 
were varied and depended largely on 
nature of sand and fineness of cement. 
A revised method is given to overcome 
these difficulties by using mixed stand- 
ard sand (4 parts 1.02-1.50 mm. and 1 
part 0.10-0.30 mm.), special determina- 
tion of the plasticity and exact observa- 
tion of several manipulations. The 
test pieces, which are 4 by 4 by 20 cm., 
are prepared from a mixture of 600 g. 
cement, 360 g. fine sand and 1440 g. 
coarse sand. .The water for normal 
consistency is to be determined with a 
shaking table. The test pieces are 
broken in a bending apparatus; the 
broken pieces can be used for determina- 
tion of compressive strength. Every 
necessary piece of apparatus is exactly 
described and its dimensions are given. 
The results so far obtained with this 
method are very satisfactory.—A. E. 
BrITLicH 


Hair cracks in concrete. Das Be- 
tonwerk (Germany), Dec. 15, 1929, V.17, 
No. 50, p. 773.—Hair cracks are 
caused by rich mix, too much tamping, 
excess water, too much troweling, too 
quick drying. Heating of concrete mass 
during setting or hardening is funda- 
mental reason for hair cracks. Heat 
generated is greater in larger masses and 
increases with proportion of cement 


because setting of portland cement is 
chemical action. As moisture evapor- 
ates from concrete masses, shrinkage 
results. Surface shrinks first forming 
cracks. Cracks are eliminated by 
curing masses in warm moist air pre- 
ferably in an enclosure with wet steam 
for four or five days. Exact regulation 
of moisture and warmth is indicated.— 
H. FRAUENFELDER 


Sodium silicate as an addition 
to cement. (See Marpriats) 


The effect of calcium chloride on 
concrete. (See MATERIALS) 


Trass portland cement. (See M«- 
TERIALS) 


Internationalization of the port- 
land cement standards—Part II.— 
(SEE Mareriats) 


Abutments of a _ single-span 
bridge. (See Frmtp Construction) 


The Arlington curing experi- 
ments—a study of the effect of 
various curing treatments on con- 
crete pavement slabs. (See Fimip 
CONSTRUCTION) 


ENGINEERING DEsIGN 


BRIDGES 


Longest multiple-arch concrete 
highway bridge to span Susque- 
hanna River. CHartes M. NE.son. 
Eng. & Con., Mar., 1930, p. 119-122.— 
Probably longest multiple-arch con- 
crete highway bridge in the country is 
now being constructed over the Sus- 
quehanna River between Columbia and 
Wrightsville, Pa. With exception of 
first span adjoining abutment on each 
side, spans are on tangent. River 
structure consists of 28 concrete arches 
with clear span of 185 ft., carried on 
27 piers and shore abutments. Five 
of river piers are designed to take dead- 
load thrust during construction. Road- 


way is 38 ft. wide between curbs. 
Floor system was designed for load of 
three 25-ton trucks abreast or in suc- 
cession and uniform load of 200 Ibs. 
per sq. ft. over remaining loaded area. 
Arches, girders and piers were designed 
for uniform load of 200 lbs. per sq. ft. 
Each arch has three ribs, 17 ft. 9 in. 
on centers, 7 ft. wide and from 8 ft. 
10 in. to 7 ft. deep. Intrados and ex- 
trados lines are parabolic. Rise is 27 
ft. 4-in. to extrados. AJl spans have - 
eleven panels. Floor system is carried 
on spandrel columns. Expansion joints 
11% in. wide placed in first and fourth 
panels from each pier will completely 
separate floor system at four points 
between piers. Railing joints are one 
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inch wide. Approaches consist of a 
pang of concrete arches.—N. H. 
OY 


Engineering in five Kansas Coun- 
ties. Wa.tpo G. Bowman. Eng. News- 
Record, Mar. 20, 1930, p. 470-475.— 
Douglas County ‘designs and builds its 
bridges. An interesting design used 
wherever possible for spans up ‘to 75 ft. 
is that of pony truss. Floorbeams at 
sub-panel and panel points support con- 
tinuous concrete floor slab of 71% in. 
to 8% in. thickness. No stringers are 
required. Overhead clearance for 
hauling of livestock was factor in 
substituting pony for through truss, 
and cost of construction is less.— 
N. H. Roy 


Reinforced concrete railway 
bridges. R. L. MclIumoyun. Con. 
Const. Eng. (England), Jan., 1930, V. 
25, No. 1. p. 37-45.—Construction of a 
five-mile widening between Carrickfer- 
gus and Whitehead on Larne Line of 
London Midland and Scottish Railway, 
Northern Counties Committee, has just 
been completed, requiring construction 
of two new overbridges and one single- 
track underbridge. The underbridge 
was the smallest of three and carries 
main line over an accommodation road. 
Railway crosses road at approximate 
angle of 68 degrees and clear skew span 
is 13 ft. Owing to restrictions on head- 
room depth available from rail to 
underside of the deck slab was only 4 
af 3 in., and as standard practice on 

M. S. N. C. requires ballasted 
es available construction depth was 
18 in. To meet this it was decided to 
construct abutments monolithic with 
deck slab and to utilize resistance of 
former to reduce live load moment at 
center of latter. Bridge was then 
designed as two-hinged rigid frame, and 
steel was provided to take negative 
bending moments induced at corners. 
Larger of two overhead bridges carries 
main road 24 ft. wide over two railway 
tracks at angle of 24 degrees. Con- 
struction was complicated by lack of 
alternativeagoute. Large span, 69 ft. 6 
in. clear on skew, together with small 
amount ot headroom “available, elimin- 
ated usual beam and girder design. 
Original scheme contemplated to con- 
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struct bridge as barrel with curved. 
intrados and variable slab thickness 
was abandoned because torsion stresses 
due to skew could not be easily deter- 
mined. It was found that by varying 
depths at center and supports a tee- 
beam could be designed to give required 
clearances. Structure consists of four 
two-hinged rigid frames at 9-ft. centers, 
with deck slab 10 in. thick and curtain 
walls between legs varying from 14 in. 
to 8 in. thick. Work was done in two 
independent halves in order to keep 
bridge open for traffic. Other over- 
bridge was of the flat-slab type, be- 
lieved to be first flat-slab bridge in 
British Isles carrying public road.— 
D. E. Larson 


Concrete railway bridge at Neu- 
illy-Sur-Marne. Con. Const. Eng. 
(England), Jan., 1930. V. 25, No. 1, p. 
85-89.—Owing to increase in traffic in 
neighborhood of Paris it has become 
necessary to make Grande Ceinture 
lines independent of those of Chemin de 
ter de |’Est by constructing 13 miles of 
new double-track between Bobigny and 
Sucy-Bonneul. Most important struc- 
ture of the new works is the 230-ft. 
three-hinged arch of reinforced con- 
crete over Marne. Reinforced con- 
crete was selected instead of steel 
because of resulting economy and possi- 
bility of securing more pleasing effect in 
completed design. Advantage was 
taken of depth available to make rib 
very stiff so as to insure all elastic move- 
ments taking place at hinges as desired. 
With ribs of depth employed these 
members are always subjected to com- 
pression. This resulted in high factor 
of safety, since working stress in the 
concrete has been taken as 920 Ib. per 
sq. in., while the actual compressive 
strength of the concrete at 90 days is 
3,550 Ib. per sq. in. Clear span of 
arch is 222 ft., distance between hinges 
is 230 ft., and rise is 24 ft. 3 in. Each 
half of arch consists of two slabs at 
intrados and extrados respectively; 
these slabs are connected by vertical 
ribs between which there are four 
stiffeners. Extrados 1s straight for 
part ot its length; remainder 1s cubic 
parabola. Latter portion carries gravel 
backing, whose weight acts as stabiliz- 
ing force. Hinges are of concrete 
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spirally reinforced on Considere princi- 
ple, and extend across whole width of 
arch, reducing unit stress on them. 
Each hinge contains 12 hoops on each 
side with 14 turns 3 ft. 3 in. in diameter 
and extending 3 ft. 3 in. along longi- 
tudinal axis. Adjacent spirals intersect 
and widen slightly at the ends. The 
hinges are reinforced longitudinally by 
central layer of bars. Concrete in 
hinges was mixed in proportions of 
1,320 lbs. of portland cement to 14 cu. 
ft. sand and 28 cu. ft. gravel. In 
remainder of arch, cement was reduced 
to 770 lbs. with same proportions of 
ageregates—D. HE. Larson 


Designing the Hyperion viaduct 
at Los Angeles. Merrritt BuTLEer 
anp A. L. Encrer, Eng. News-Record, 
Mar. 20, 1930, p. 476-480.—Continu- 
ous concrete arch structure is composed 
of two flat 118 ft. arches; two open 
spandrel arches of 135 ft. span, 22 ft. 
rise, one 68 ft., eight 48 ft. barrel 
arches and a series of other arches, all 
with elastic piers. The 48 ft. arches 
are three-centered, and are tilted to fit 
grade, while other arches are four- 
centered, being compounded at crown 
and at points halfway between spring- 
ing and crown. Each group of arches 
was considered fixed at abutments and 
at top of pier footing. Mathematical 
analysis, elastic method, (cf. Hool V. 3) 
was followed. Analysis of single span 
gave dead-load, rib shortening, and 
temperature stresses. Corrections of 
rib-shortening stresses thus calculated 
were necessary for flat deep arches. 
These corrected stresses agreed with 
results derived from formulas of Howe 
and others. Beggs’ method of analysis 
by means of models and deformeter 
gages was used to supplement design 
studies especially with reference to 
effects of live load. The mathematical 
and Beggs’ model anaylses were in 
close agreement for horizontal and 
vertical thrusts but gave wide varia- 
tions in moments. Difficulties were 
encountered in making cardboard 
models to truly represent the structure. 
Celluloid is now used. Some unsatis- 
factory phases of this method are dis- 
cussed. The conclusion is drawn that 
the Beggs method permits accurate 
analysis of structure too complicated 


for mathematical analysis—N. H. 


Roy 


BUILDINGS 


Design of Lackawanna’s rein- 
forced-concrete freight terminal 
warehouse at Jersey City. M. 
Hirscutuat, Eng. News-Record, Mar. 
27, 1930, p. 519-524. —Extensive ter- 
minal developments in Jersey City in- 
clude eight story building 848 ft. by 
162 ft. flanked by flat-slab viaducts on 
both sides. Both viaducts are joined 
to the building at second story level. 
Center lines of two of three tracks on 
south viaduct are directly above center 
lines of supporting columns. There is 
no continuity transversely to reduce 
the moments in the slab. There is a 
wide overhang on both sides. EH-60 
loading with 25 per cent impact allow- 
ance was deemed sufficient due to 
expected slow movements on these 
structures. ‘Slab thickness is 2 ft.; 
four-way system of reinforcement was 
employed, drop panels are 10 ft. square 
and 10 in. thick. Columns are 3 ft. in 
diameter with vertical bars and spiral 
hooping. Footing designs are unusual 
in that concrete piles supported a con- 
tinuous footing under each longitudinal 
row of columns. Columns are spaced 
at 25 ft. centers except at street inter- 
sections. Slabs were designed accord- 
ing to method described in the article 
on Hackensack River bridge, (cf. Eng. 
News-Record, May 17, 1928, p. 779.) 
except loading is as given above. 
North viaduct is similar to south but 
having however, 5 tracks and a plat- 
form. Unusually heavy live loads, con- 
sidered uniform, were used in the ware- 
house design, being 350 lb. per sq. ft. 
for the basement, first and second 
floors, 300 for third and fourth floors, 
and 250 for fifth:to eighth stories. In 
addition to these loads a 60,000 gal. 
water tank is supported by four 
columns. Even though advantage was 
taken of the provision for reduction of 
live loads for multiple stories, per- 
mitted by the Jersey City code, the 
maximum column load ingbasement 
columns is 2,750,000 Ibs. Concrete 
pues with individual concrete footings, 
surmounted by continuous reinforced- 
concrete mat over the whole area, were 
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substituted for open caisson founda- 
tions. Concrete piles were driven for 
main footings. Pedestals projected 
above basement floor to provide for 
very high .punching shear. Columns 
are 4 ft. 4 in. in diameter, spirally and 
longitudinally reinforced with maxi- 
mum amount of reinforcement. Com- 
posite columns, used on first and 
second floors, were of 14-in. H-sections 
inside of 3 ft. 4 in. spirally and longi- 
tudinally reinforced concrete column, 
all set on steel billet to transfer loads 
to basement columns. Above second 
floor, columns were spirally and longi- 
tudinally reinforced only and varied 
from 3 ft. 4 in. in diameter to 20 in. 
diameter. Flat slabs in this building 
have two-way reinforcement. A not- 
able design feature is that despite many 
openings not one beam projects below 
oie level except for fire stop.—N. H. 
OY 


The new custom building at the 
main railroad station in Stuttgart 
(Germany). FucHEs-RoELu. Ze- 
ment (Germany), Feb., 1930, V. 19, 
No. 6, p. 125-6.—Description of a 
modern concrete building; special con- 
sideration is given to the floor con- 
structions.—A. E. Brrriicu 


MISCELLANEOUS 


Curves for the analysis of rec- 
tangular symmetrical concrete 
beams with axes V-shaped in plan. 
Sr. Hesster. Beton u. Hisen (Ger- 
many), Feb. 5, 1930, V. 29, Heft 3, p. 
53.—Fixed-end beams with symmetri- 
cal loading are considered. Curves give 
coefficients for bending moments for 
various proportions of beam section, 
and for values of horizontal angle from 
zero to 180 degrees. Two numerical 
problems illustrate use of curves. 
Reference is made to article by author 
(cf. Beton u. Eisen, Heft 23, 1927), for 
treatment of theoretical basis of curves. 
—A. A. BRIELMAIER 


Tests of columns with high per- 
centages of reinforcing steel. R. 
Sauigur. Beton u. Eisen, (Germany), 
Jan. 5, 1930, V. 29, Heft 1, p. 7-12.— 
Tests were made at Technische Hoch- 
schule in Vienna in January, 1929, on 
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five pairs of columns, reinforced accord- 
ing to Bauer system, in which steel is 
fabricated into unit frame ready for 
placing. Columns were 47 in. in 
length, of which 27.5 in. was of 13.5-in. 
diameter. The remaining length was 
taken up by 2 capitals 9.5 in. long and 
16.5 in. in diameter. Ends of vertical 
steel extended 0.4 in. beyond concrete. 
Longitudinal steel varied from 4 to 9 
per cent, spiral 0.5 to 2 per cent. In 
one pair of columns, perforated metal 
casing with area 2.1 per cent of core 
area, was used instead of spirals. 
Concrete mix was 1:114:21%, (approx.) 
with water-cement ratio of about 0.8. 
Average yield point of vertical steel was 
96000 Ib. per sq. in.; of spiral steel, 
74000 Ib. per sq. in. Compressive 
strength of 8-in. concrete cubes tested 
when 40 days old was 4200 lb. per sq. 
in. Failure of columns in every case 
occurred by buckling of longitudinal 
steel, after concrete fireproofing had 
broken loose. Lateral reinforcement 
failed at or after maximum load. For- 
mulas are given for ultimate loads and 
tor allowable loads on columns in terms 
of concrete, vertical and spiral steel. 
Distribution of column load between 
concrete and steel is stated for each 
test column. Concrete took 14 to % 
of the Joad and reinforcement took 
remainder. Safety against failure 
therefore depends mainly upon steel 
and is not greatly influenced by 
strength of concrete. Larger series of 
tests are planned.—A. A. BRInLMAIER 


Reinforced concrete cooling 
towers. A. T. J. Gueritrs, Str. Eng., 
(England), March, 1930, V. 8, No. 3, 
p. 117-125.—Natural draught cooling 
towers of reinforced concrete are being 
built in place of timber type because of 
(1) short life and high upkeep of the 
timber structures, (2) danger from 
hidden rottenness in the timber towers, 
(3) fire danger and necessity for fire 
protection of timber structures during 
time of shutdown for cleaning, (4) 
decreasing efficiency of timber cooling 
tower with age, and (5) structural 
limitations of timber towers. Evolu- 
tion of the concrete tower led first to 
two designs of polygonal shape, first 
being of vertical columns and horizontal 
bracing as framework for wall panels, 
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and second of precast blocks with 
mortar joints. Later design of smooth 
shell of double curvature was evolved 
and perfected. General shape is 
hyperbolic in elevation and circular in 
plan. Considerable detail is devoted 
to description of design and construc- 
tion of this latest type of tower, which 
has permitted a growth in size to height 
of 215 ft. with base diameter of 175 ft. 
and a circulating capacity of five 
milion gal. per hr.—V. P. JENSEN 


Harbor works at Vlissingen. 
Con. Constr. Eng. (England), Jan., 
1930, Vol. 25, No. 1, p. 79-82.—Recom- 
mendations of commission appointed to 
report on the works required to improve 
the port of Vlissingen included exten- 
sion of existing harbor by construction 
of quay-wall 1,150 ft. long, and new 
lock 115 ft. wide leading to existing 
basins. Main features of quay-wall 
are reinforced concrete sheet-piled wall 
retaining filling, with concrete super- 
structure founded on reinforced con- 
crete piles driven with a batter. Con- 
erete wall is provided with reinforced 
concrete platform with tie walls 19 im. 
thick at intervals of 9 ft. 3 in. Thick- 
ness of platform is 27144 in. Additional 
ties are provided in longitudinal direc- 
tion. Section of these is 6 ft. 7 in. by 
2 ft.6in. Space above the platform is 
back filled with sandy gravel. Extreme 
width of wall is 75 ft. 6 m.—D. E. 
Larson 


Reinforced concrete slurry tanks. 
Con. Constr. Eng. (England), Jan., 
1930, V. 25, No. 1, p. 69-73.—Group 
of four slurry-doctoring tanks at 
Swanscombe Works of Associated Port- 
land Cement Manufacturers, Ltd., 
provides an example of circular tanks 
with suspended pyramid bottoms, con- 
structed of reinforced concrete. Upper 
cylindrical portion ot each tank is 26 ft. 
9 in. in height and has internal diameter 
of 17 ft. Diameter decreases to 12 ft. 
6 in. at the bottom of wall haunch and 
is further reduced to 9 in., diameter of 
outlet. Battery of four tanks is sup- 
ported on 16 reinforced concrete col- 
umns each 2 ft. square. Total height 
from ground level to top of tanks is 
52 ft. Corner columns are carried down 
to solid chalk on 5-ft. square bases of 
plain concrete, and interior columns in 


groups of two, on bases 11 ft. by 5 ft. in 
plan. Overall length of group of four 
tanks, arranged in series at 17 ft. 9 in. 
centers, is 7] ft. 3 in., walis having 
constant thickness of 6 in. from top to 
bottom except between each pair of 
tanks where thickness is 9 in. ° Walls 
have been reinforced to resist tension 
caused by lateral pressure of liquid of 
100 Ibs. per cu. ft. density. Five fig- 
ures.—D. E. Larson 


Lining the Beacon Hill sewer 
tunnel at Seattle. Eng. News Re- 
cord, V. 104, No. 11, p. 442-44.—The 
5,580-ft. tunnel now being built under 
Beacon Hill in Seattle to convey sewage 
from borders of Lake Washington to 
Elliott Bay is being lined with concrete 
circular section with 9-ft. inside diam- 
eter. Because of stable quality of clay 
which tunnel traverses, timber lining, 
put in as tunnel was driven, consisted of 
ring made up of 15 segments, and con- 
erete lining is later poured inside this 
ring. Up to level of spring line, wood 
panel forms are used and lower half 
of concrete lining is poured by gravity 
dump from cars on elevated tracks. 
For arch, collapsible steel forms are 
used, and in these concrete is placed by 
the pneumatic process. After timber 
lining is in place, a series of concrete 
blocks is placed at 5-ft. intervals along 
invert to support wood panel forms used 
in lower half of tunnel. Concrete is 
placed in invert by means of small 
wooden chutes. It is customary to 
leave forms in place for 48 hours after 
pouring. For arch, six sets of collaps- 
ible steel forms, 20 ft. long were pro- 
vided. These are left in place for 72 
hours after pouring. Concrete mixing 
plant was erected at east portal and one 
gasoline and one electric locomotive 
used for delivery, concrete being taken. 
into tunnel in 1l-cu. yd. dump cars. 
Ordinarily a 1:214:334 mix is used. 
Net thickness of concrete lining 1s 134% 
in. Average rate of progress in placing 
lower half of tunnel lining has been over 
60 ft. per day; in arch, about 40 ft. per 
day.—D. E. Larson 


A method of arch design. G. P. 
Manning. Conc. Constr. Eng. (Eng- 
land), Jan., 1930, V. 25, No. 1, p. 29-36. 
—Best shape and thickness of arched 
member depend on at least ten different, 
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considerations, some of which are not 
capable of being expressed in mathe- 
matical terms. Design, therefore, in- 
volves certain amount of trial and error. 
Some writers assert that best shape for 
arched member is line of thrust pro- 
duced by dead load so that arch is in 
state of pure thrust under dead load 
alone. Unfortunately it can be demon- 
strated that it is impossible to bring 
about these conditions, and it can be 
shown that, even if it were possible, 
best shape of arch would not always 
result. It is clear that designer must 
have complete range of shapes and 
thicknesses at his command which he 
can apply to each parttcular problem 
and from which he can, by trial and 
error, pick out one most suitable. It is 
often supposed that maximum stresses 
in middle half of span occur at crown. 
Thisis fallacy. In many shapes of arches 
much larger bending moments may 
occur at other sections. Analysis must 
therefore not be confined to one or two 
sections but must include complete 
envelope of bending moments giving 
maximum possible stresses at all points. 
Computations by usual method are long 
and tedious. In order to avoid greater 
part of figuring and to present a correct 
and easily checked result author has 
worked out a series of results where 
shape of arch and its thickness are con- 
trolled by mathematical factors. From 
these designer can get at once a series of 
“ready made” influence lines or bending 
moment envelopes making it easy to 
work out two or three alternate solu- 
tions for any particular case—D. E. 
Larson 


Operating a public swimming 
pool. C. E. Barry. . Can. Eng., Feb. 
25, 1930, V. 58, No. 8, p. 241.—Swim- 
ming pool, 25 x 60 ft., enclosed in frame 
structure was built upon continuous 
concrete footings with side walls of 
concrete to height of 18 in. above floor. 
Floor and side walls of pool were of 
1-2-4 concrete heavily reinforced, with- 
out the use of any waterproofing. 
Floor thickness was 10 in. and side 
walls 12 in. Article includes detailed 
descriptions of lighting, heating, filtra- 
tion and mechanical equipment as well 
as results of operating tests—G. M. 
WILLIAMS 
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Municipal swimming pool at 
Hamilton, Ont. E. H. Daruine. 
Can. Eng. March 11, 1930, v. 58, No. 
10, p. 311.—Concrete swimming pool 
with tank 75 ft. x 45 ft. surrounded by 
grandstand for accommodation of 1200 
spectators, with locker rooms, lava- 
tories, showers and mechanical equip- 
ment below has been built at Hamilton 
in preparation for the British Empire 
games. Walls of pool are 10 in. thick, 
reinforced, concrete proportions about 
1:114:2, the coarse aggregate crushed 
limestone 1 in. to 3gin. Three pounds 
of “Aquagel’”’ waterproofing per bag of 
cement was used. After testing tank 
for watertightness, white enameled tile 
lining was supplied with longitudinal 
rows of black tile to mark lanes for 
racing. Underwater illumination con- 
sisting of 20 300-watt lights placed 
below water level behind thick glass 
portholes adds to safety in operation. 
Structure surrounding pool consists of 
exterior walls of 4 in. face brick backed 
by cinder blocks, and steel truss roof. 
All interior partitions are of cinder tile. 
—G. M. Wiuiiams 


Construction of storage silos in 
modern crushing plant. Dr. E. 
Lee Hepenreicu, Rock Products, Feb. 
15, 1930, V. 33, No. 4, p. 72-74.— 
Present applications of lateral and 
vertical pressures in reinforced con- 
crete bins for storage silos in stone 
crushing plants take into consideration 
pressures of crushed stone of different 
size and weight in computations of 
circular or square concrete storage bins 
for such materials. Crushed rock 
comes under ‘‘Fragmentary Materials’ 
of C. C. Williams, A. 8. C. E., classifi- 
cation of non-solids and non-liquid 
materials, ‘“—in which, after certain 
depth, there is no lateral pressure, for 
material acts as solid after rough par- 
ticles are held together by intercogging 
under load.’’ Determination of lateral 
pressure has hitherto been considered as 
dependent upon the angle of repose, ¢, 
and the angle of friction against the bin 
wall, ¢’. Assumption that these two 
angles are same in case of different 
sizes of crushed stone is erroneous. 
Ratio k between lateral and vertical 
pressure at wall 1s more or less a func- 
tion of @ and tangent of angle $’. 
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Formula for computation of lateral 
pressure is presented and method of 
calculating vertical pressures on top of 
tunnel at bottom of bins illustrated. 
Four tables include design data and 
two diagrams illustrate application of 
formula.—Jay Bourn 


Central electricity board’s report. 
Engineer (England), Apr. 11, 1930, V. 
149, No. 3874, p. 400.—In annual report 
of the C. E. B. it was stated that during 
1929, testing of towers was carried out 
and designed to reproduce all conditions 
likely to be encountered in practice. 
Towers were tested to destruction, and 
tests on lighter towers were taken to 
indicate reliability of method of design 
for larger structures, such as at river 
crossings. Electrical and mechanical 
tests were also made. On Brighton to 
Worthing line, spun reinforced concrete 
supports are employed. A crossing of 
the Thames, which will necessitate a 
main span of 3,000 ft. and two 500 ft. 
high towers, is contemplated.—JoHN 
E. Apams 


Swimming bath at Stoke New- 
ington,London N. Arch. Jour. (Eng- 
land), Apr. 9, 1930, V. 71, No. 1838, p. 
569—New swimming bath, in rein- 
forced concrete, contains 127,000 gal- 
lons of water, which is circulated 
through purifiers every 4 hours. Water 
is treated with sulphate of alumina and 
soda ash and is delivered into air- 
cleansed pressure filters. In leaving 
filters water is reheated to 74° F. in 
tubular calorifiers and re-oxygenized by 
contact with compressed air in an 
enclosed type aerator. Bacteriological 
purification 1s ensured by a minute 
trace of chlorine administered by 
chloronome. Bath hall is of reinforced 
concret¢, rubbed and colored with dis- 
temper. The pool is faced with blue 
and white glazed blocks, and walls 
below gallery with terrazzo. Promen- 
ade around bath is of vitrified glass 
cubes. Semicircular arch ribs carry 
the roof and suspended ceiling, and 
spacious corridors and rooms are pro- 
vided.—Joun E. Apams 


Pole Footings. James Cyrin 
Stosiz. Jour. Inst. of Eng. (Australia), 
Feb. 1980, V. 2, No. 2, p. 58-63.— 
Tests have been made hy The Adelaide 
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Electric Supply Co. to ascertain ground 
resistance to overturning of electric 
power and telegraph line supports with 
various types of .pole foundations. 
In closely populated areas, where guy- 
ing is impossible, the overturning 
moment on the pole is resisted by the 
horizontal passive earth pressure on 
two hearing blocks, secured to pole and 
which distribute force of the overturn- 
ing couple over a sufficiently large area 
of ground. Concrete foundations are 
used where ground is poor or side 
loadings heavy. Blocks are designed as 
double cantilevers, taking distributed 
loading, and tension rods are turned to 
resist shear. In swampy ground 38 ft. 
dia. concrete pipes are used as caissons 
up to 12 ft. length for quick sand. As 
in some cases sand cannot be reduced 
below 4 ft. from bottom of pipe, water 
is allowed to rise and 12 in. layer of 
concrete run down a tube to cover sand 
and seal bottom. Pole is erected in 
pipe on following day, and concreted in 
after pumping out water. For strength 
alone there 1s no great advantage in 
setting timber poles in concrete, as 
ground is usually strong enough to hold 
pole against safe loading for material of 
pole. Various types of designs of 
footings and also working foundation 
loads are tabulated. For consolidated 
earth, allowable pressure found by 
test to give no deflection at 18 in. is 
3,000 Ib. per sq. ft. and 5,400 lb. per 
sq. ft. at 5 ft. depth, both figures being 
much in excess of theoretical results. 
Intensity of pressure at bottom of pole 
was found much less than would be 
expected from moments of applied 
forces. _ Friction has been thought 
responsible-—Joun EH. ApAMs 


Experiments with reinforced con- 
crete twin-sleepers. R.Orzen. Ze- 
ment (Germany), Feb., 1930, V. 19, 
No. 8-9, p. 174-7, 196-9—\Different 
kinds of sleepers of reinforced concrete 
were tested in the laboratory for their 
behavior when exposed to different 
continuous and intermittent pressures. 
The impressions, elastic and permanent 
changes in form, were measured. The 
twin-sleeper showed 50 per cent less 
changes in form than a transverse 
sleeper. The pressure and the deforma- 
tion of the road bed is very much 
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decreased. Data are given for calcula- 
tion of “form-factor” and best sleeper 
dimensions.—A. E. Brrriicu 


The German reinforced concrete 
standard specifications of 1925. 
“Die Deutschen Eisenbetonbesti- 
mmungen von _ 1925.” Ernst 
Ravscu. 1929, Julius Springer, Berlin, 
R. M. 4.80. Reviewed in Zement (Ger- 
many), Feb., 1930, V. 19, No. 7, p. 157. 
—Book describes the different methods 
for calculation of reinforced concrete 
structures. All kinds of slab construc- 
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tions are discussed and data are given 
about the factor of safety in concrete 
construction work.—A. E. Brrriicu 


Pumping station in Wesser- 
muende (Germany). MANnGEL. Ze- 
ment (Germany), Feb., 1930, V. 19, 
No. 9, p. 200-1.—Description of a 
modern pumping station in reinforced 
concrete. The foundations rest on 11m. 
long concrete piles. The structure 
under earth is protected by bricklining 
and asphalt coatings.—A. E. BrrriicH 


ARCHITECTURAL DESIGN 


The correct surface treatment of 
mass concrete. Das Betonwerk, (Ger- 
many), March 2, 1930, V. 18, No. 9.— 
Concrete as it comes from forms is 
generally considered uninteresting. 
Cutting surface with tools, and stucco- 


ing have not given entire satisfaction. 
It is mentioned that the newly discov- 
ered American method known as Con- 
tex method exposes beauty ot aggre- 
gates. Several interesting illustrations 
are shown.—H. FRAUENFELDER 


FIELD CONSTRUCTION 


BUILDINGS 


Structural haydite concrete in 
flat slab industrial building. Con- 
crete, March, 1930, V. 36, No. 3, p. 13. 
Joun Baptiste Fiscupr.—Haydite 
was used as coarse aggregate for struc- 
tural concrete in moderately heavy 
industrial building intended for exten- 
sion to the Chicago Screw Company’s 
manufacturing plant at hicago. 
Building is of flat-slab construction, 
reinforced in two directions. Addition 
constructed during 1929 consisted of 
four-story upward extension of existing 
one-story building having high hase- 
ment. Original structure had been 
designed for live-load of 250 Ib. per 
sq. ft., with the further expectation 
that the future concrete would be 
ordinary stone or gravel concrete 
weighing about 150 ibs. per cu. ft. 
Reducing design live load of addition 
from 250 to 150 lbs. per sq. ft. and 
using haydite as coarse aggregate, per- 
mitted addition of four stories instead 
of two. Proportions were of 1 sack 


of cement, 2.1 cu. ft. of sand and 3 cus 
ft. of haydite, with 6.4 gallons of water 
to sack of cement. Two lbs. of “‘Colloy”’ 
admixture per sack cement were used. ~ 
—C. BACHMANN 


How to save in concrete form 
work. A. B. MacMiiuan, Concrete, 
March, 19380, V. 36, No. 3, p. 17.— 
Form panels on the sides of interior wall 
columns are not all of same length. 
Panel on the inside face of wall column 
is usually of same length as form for an 
interior column in the same story. 
Wall columns are generally rectangular, 
so consequently on many buildings 
form panels intended for inside and 
outside faces of column may be used 
number of times, without being changed, 
except where story heights vary.—C. 
BACHMANN . 


Economic construction methods. 
“Vom _ wirtschaftlichen Bauen.’’ 
RupouFr STEGEMANN. Germany, Oskar 
Laube. V. 5, R.M. 4.00 and V. 6 R.M. 
6.00 Reviewed in Zement (Germany), 
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Feb., 1930, V. 19, No. 7, p. 157.—Vol. 5 
discusses the different solid ceiling 
constructions, their properties in regard 
to fire resistance, sound and heat 
economy. Vol. 6 deals with ques- 
tions of building construction, special 
consideration is given to the use of 
different building materials from the 
economic view point.—A. E. Bririica 


MuscELLANEOUS 


Experiences with the ramming 
of reinforced concrete piles. O.S. 
Zement (Germany), Feb. 1930, V. 19, 
No. 9, p. 201-3.—The method of test- 
ing the supporting power of an unknown 
ground by ramming only one test pile 
cannot be recommended. The stresses 
in the ground, which arise when the 
piles are driven close together, must be 
taken into consideration. The follow- 
ing points must be observed; the ground 
must be tested much deeper than the 
necessary foundation depth in order to 
determine smallest possible distance 
between piles without overloading. It 
is advised to ram the piles again after 
several weeks when all stresses are 
neutralized. In all cases it is of advan- 
tage to test ground with two piles 
spaced not far apart——A. E. Bririicu 


The foundations of a factory 
and warehouse in Barmen (Ger- 
many). Zement (Germany), Feb., 
1930, V. 19, No. 7, p. 151-7.—The 
ground for the heavy structures was 
very unfavorable, including limestone 
and dolomitic rocks with layers of soft 
clay. All kinds of different foundations 
in reinforced concrete were necessary. 
A detailed description of the construc- 
tion and the static calculations are 
given.—A. E. Brrriicu 


Concrete constructions with slid- 
ing forms. LANGENBECK. Zement 
(Germany), Feb., 1930, V. 19, No. 6, p. 
127-9——A description of concreting 
work with sliding forms and its appli- 
cation for the construction of large 
storage bins and houses.—A. E. Bert- 
LICH 


Device for the automatic tem- 
perature regulation in the water 
tanks for test pieces. E. Prossr 


JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


AND Karu E. Dorscu. Zement (Ger- 
many), Feb., 1930, V. 19, No. 7, p. 143- 
4.—A heating apparatus, operated by 
thermoregulator and a relay is de- 
scribed. Electric bulbs serve as 
heating units and a stirrer keeps the 
water in motion. The thermoregulator 
is filled with benzene which expands 
and contracts very much with changing 
temperatures.—A. E. Briruicu 


Abutments of a _ single - span 
bridge. Anonymous Zement (Ger- 
many), Jan., 1930, V. 19, No. 3, p. 58- 
60.—Description of construction of 
abutments for a bridge of a coal mine 
under especially unfavorable surface 
conditions. Ground was expected to 
sink slowly about 8 ft. on account of 
the undermining. It was necessary to 
place the foundations 25 ft. below the 
surface since upper layer consisted 
mostly of soft sandy clay. It was 
necessary to excavate 4460 cu. meters 
ground in order to make two excava- 
tions 16.3 by 14.8 and 13.0 by 13.5 m. 
Heavy copper-steel sheet piles of 5 and 
6.5 m. length were driven through soft 
material. Horizontal frames of heavy 
timber were built in for distance of 
1.20 m. Excavated material was trans- 
ported over a wooden bridge 120 m. 
long and served as fill for a dam 
structure. Concrete was transported 
over same bridge. The abutments rest 
on reinforced concrete foundations 1.50 
and 2.00 m. thick. Brick lining and 
asphalt isolation protect structure 
against aggressive waters. Heavy rein- 
forced concrete beams, 1.10 m. long, 
distribute the stresses to the founda- 
tions. Ordinary portland cement (1:8) 
was used for the main structure of the 
abutments. The outer sides of the 
abutments were provided with a 60 
cm. layer of broken rocks and a groove, 
connected to a concrete drain pipe 15 
cm. in diameter, serves for draining off 
water.—A. E. Brrriicu 


New methods of making con- 
crete. Von H. Mixeter. Das Beton- 
werk (Germany), March 2, 1930, V. 18, 
No. 9.—It is noted that in the last five 
years grading of aggregates, water 
cement ratio and proper handling of 
the entire mixture are important, and 
the worker should put this knowledge 
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into practice. The main results ob- 
tained by use of this knowledge are 
greater use of cement and better 
quality conerete. Grading and accur- 
ate measurement of sand, aggregates, 
cement and water by use of instruments 
and machinery are recommended. 
Various machines are described and 
illustrated. Formulae for grading of 
sand and aggregate are described. Pro- 
fusely illustrated —H. FRAUBNFELDER 


‘*Tru-Mix’’ concrete is prepared 
in three Seattle plants of pioneer 
Sand and Gravel Co. FRANCIS 
Cxurcu Lincorn. Pit and Quarry, 
March 26, 1930, V. 19, No. 13, p. 48-50. 
—Sand and gravel are received at three 
plants by barges from company’s five 
pits. At plant 1, barges are unloaded to 
stockpiles or bins. Sand and gravel are 
weighed for each batch upon springless 
dial scale, and cement is measured by 
sackful. Water is measured from tank 
with gauge-glass on outside. Batch is 
mixed in 2-cu-yd. mixer, for one minute 
(unless otherwise specified). Batch 
counter tallies the concrete as dis- 
charged to trucks. No. 2 plant con- 
tains l-cu. yd. and 2-cu. yd. mixers 
General practice is same as in plant 
No. 1 except that concrete, after mixing 
is hoisted in skip betore it can be 
dumped to trucks. At plant 3, mixer 
is a l-cu. yd. unit, discharging directly 
into trucks by gravity. Eight illustra- 
tions.—A. J. Hoskin 


Ready-mixed concrete. STANTON 
Waker, Rock Products, Feb. 1, 1930, 
V. 33, No. 3, p. 87-90.—Complete pre- 
sentation of present status of prepara- 
tion and sale of ready-mixed concrete 
summarized as follows: (1) Ready- 
mixed concrete industry gives promise 
of becoming stabilized business and 
therefore does not offer prospects of 
more than conservative return on 
investment. (2) Field is sufficiently 
broad to include all types of concrete 
construction and development oppor- 
tunities unlimited. (3) Only careful 
study of building program of locality 
will determine potential support of 
plant, 50,000 population usually being 
minimum requirement. (4) Availa- 
bility of raw materials is of first 1m- 
portance. (5) Measured by ordinary 
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business practice, gross sales must be 
relatively large compared with invest- 
ment. (6) Determination and selection 
of equipment depends upon local 
requirements of plant. (7) Reasonable 
distances of transportation with present 
equipment have no deleterious effect 
on quality. (8) Ready-mixed concrete 
operator is ideally situated to exercise 
equivalent of laboratory control over 
concrete used in ordinary construction. 
Bibliography included.—Jay Boun 


Airport construction and main- 
tenance. W. A. Harprensere, Rock 
Products, Feb. 1, 1930, V. 33, No. 3, p. 
62.—Airport construction and main- 
tenance in 1930 will afford greater field 
than ever before for construction 
industry. The work necessary in the 
construction of a modern airport in- 
cludes paving and construction of 
runways, drainage, water supply, sewer- 
age, lighting, power and housing. In 
addition, in many instances airport 
itself will be nucleus about which other 
construction will center. Increased air 
travel and heavier planes demand 
larger and better facilities. Increase of 
51 per cent in number of projected 
airports is noted. Average of 17 cities 
shows cost of construction to be $2.50 
per capita. Paved runways are in 
demand. Water supply, sewerage, 
lighting,.and housing, because of usual 
distance from municipal connections, 
are all costly, but of prime importance. 
Nearly 1400 airports to be constructed 
in 1930.—Jay Boun 


Construction methods used in 
enlarging Cheyenne’s filter plant. 
Concrete, March 1930, V. 36, No. 3, p. 
22.—When work began on Cheyenne’s 
new filter plant, one wall of old reser- 
voir was uncovered and given 1-in. coat 
of gunite, having been found sound 
New walls were built in 
three lifts, using wood forms of short 
sections. Walls are uniformly 7 in. 
thick and reinforced with 14-in. bars 
placed on 12 in. centers in two directions. 
Since ‘slope of wall is 44 to 1, only 
difficulty was to keep reinforcing cor- 
rectly in place during placing opera- 
tions. Lower lift of wall was designed 
with notch for the floor. Reinforcing 
steel from wall, in form of bent bars, 
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was carried out of notch, to be incor- 
porated in the floor slab. Subgrade 
was carefully prepared and system of 
supporting beams was laid off, gridiron 
fashion. Trenches for the beams were 
carefully cut into the subgrade, no form 
work being used for floor system. 
Concrete for both floor slab and beams 
was placed simultaneously. Only form 
work required was in headers around 
section being placed. Each side of 
panel being placed was made a con- 
struction joint and deformed tongue 
and groove plate used for form, rein- 
forcing bars being carried through plate, 
as in road work. Aggregates were ob- 
tained from nearby pit and were sepa- 
rated into gravel and sand by screening. 
Both materials were washed and no 
coarse aggregate larger than 114 in. 
was permitted. Plain concrete in 
foundations and footings was 1:214:5 
mix. By keeping water content low 
this mix gave good results and effected 
saving in materials. The 1:2:4 con- 
crete was used for all reinforced work 
except in some isolated cases where 
1:24%:5 mix was used.—C.BacHMANN 


RoapDs AND PAVEMENTS 


The Arlington curing experi- 
ments—a study of the effect of 
various curing treatments on con- 
crete pavement slabs. L. W. TELLER 
AND H. L. Bosurey, Public Roads, Feb. 
1930.—Tests were made at Arlington 
Experimental Farm, Virginia, to de- 
velop information regarding merits of 
various methods of curing concrete 
pavements. Concrete slabs, each 200 
ft. long by 24 in. wide by 6 in. in 
depth, were constructed, of typical pay- 
ing mixture of same composition 
throughout. Variables were introduced 
to supply information on effect on 
concrete pavements of such factors as: 
Moisture in subgrade; covering sub- 
grade with tar paper; surface curing 
with earth, straw, burlap, bituminous 
materials, calcium chloride and sodium 
silicate; curing with calcium chloride 
mixed integrally; slab length; various 
amounts of steel reinforcement. Effects 
of these factors on different sections 
were observed over period of more than 
two and one-half years, and most im- 
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portant information was obtained from 
the following observations and tests: 
Transverse cracking of test sections; 
local shrinkage cracking; visual inspec- 
tion of slab surfaces; tests for surface 
hardness; loss of moisture from con- 
crete during curing period; tests on 
control specimens; subgrade friction; 
effect of steel reinforcement on volume 
change. Resulting indications are: 
(1) Careful attention to curing im- 
proves quality of concrete both from 
standpoint of strength and of surface 
appearance. (2) Any curing method, to 
be effective, must commence as soon as 
concrete surface is finished. (3) Wet- 
burlap-wet-earth curmg method was 
more effective than any of other 
methods used. (4) Immediate applica- 
tion of wet burlap largely prevented 
surface checking so prevalent in slabs 
where curing was delayed. (5) Under 
adverse conditions concrete may lose 
40 to 45 per cent of original mixing 
water during first few weeks after 
placing and, more important, under 
these conditions 75 per cent of this loss 
may occur during first 24 hours. (6) 
Application of black surface to concrete 
slabs causes greater temperature varia- 
tions and consequent volume changes 
than would otherwise result and may 
result in abnormal amount of transverse 
cracking. (7) Use of transverse joints 
to allow free longitudinal movement of 
slab ends is of material benefit for 
control of transverse cracking. (8) 
Method used for curing concrete pave- 
ment may affect its surface hardness. 
(9) Increasing percentage of continuous 
longitudinal reinforcing steel decreases 
the average slab length-—F. H. Jacx- 
SON 


An exposed aggregate drive. ALB. 
L. Brrrer. Concrete, March, 1930, V. 
36, No. 3, p. 35.—Design for residential 
driveway provided for one entrance 
branching into a 9 ft. drive to garage 
and loop to parking space. Except at 
the flared portion, entrance part of drive 
is 17 ft. wide. Concrete is 6 in. thick, 
bottom course being 4 in., proportioned 
1:2:3, with 2-in. top of 1:1:3 mix. Color 
is in top course only, latter containing 
an excess of coarse aggregate. Wire 
mesh reinforcement weighing 42 lbs. 
per hundred sq. ft. was placed between 
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top and bottom courses. Expansion 
joints 44 in. wide were installed at 33 
ft. intervals, and slabs joined by steel 
dowel bars spaced 3 ft. on centers. 
Red color was used, at rate of 6 Ibs. per 
sack of cement. Concrete was mixed 
in batch mixer. Top course was struck 
off and floated with wood float. 
Mississippi River gravel ranging in 
size from 14 to 34 in. was put in mixer, 
without mortar, and drum turned to 
coat pebbles with color. Pebbles were 
then cast on the slab and tamped into 
surface. From 2% to 5 hrs. after con- 
crete was laid, surface aggregate was 
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exposed by brushing out mortar with 
ordinary house brooms, and flushing 
with water to carry away loosened 
material and clean surface. Com- 
mercial curing paper was used.—C. 
BACHMANN 


The new custom building at the 
main railroad station in Stuttgart 
(Germany). (See ENGINEERING DE- 
SIGN) 


Lining the Beacon Hill sewer 
tunnel at Seattle. (See ENGINEERING 
DEsIGN) 


ABSTRACTS 


of the current literature of cement and concrete 


PREPARED UNDER THE DIRECTION OF THE 
AMERICAN ConcrRETE INSTITUTE 
COMMITTEE ON ABSTRACTS 


J. C. Wirt, Chairman, (Materials) 

H. F. Gonnerman (Properties of Concrete) 
F. E. Ricnart (Engineering Design) 
Rexrorp Nrewcoms (Architectural Design) 
THEODORE Crane (Field Construction) 

W. D. M. Attan (Shop Manufacture) 


EDITED BY DWIGHT F. JENNINGS 


ABSTRACTORS THis MontH 


Joun E. Apams, Ealing, England. 
F. O. AnpEREGG, Senior Industrial Fellow, Mellon Institute of Industrial 
Research, Pittsburgh, Pa. 


A. E. Berrricu, Whiting, Ind. 

Jay Boun, Research Dept. Rock Products, Chicago, IIl. 

A. A. Brre~Maier, University of Illinois, Urbana, Ill. 

H. FRAUENFELDER, Algonite Stone Mfg. Co., St. Louis, Mo. 


A. T,. Goupseck, Director of Bureau of Engineering, National Crushed Stone 
Association, Washington, D. C. 


VY. P. Jensen, University of Illinois, Urbana, III. 

D. E. Larson, University of Illinois, Urbana, Il. 

Artuur R. Lorp, Consulting Engineer, Chicago, III. 

P. McKim, National Sand and Gravel Association, Inc., Washington, D. C. 


Rexrorp Newcoms, Professor of History of Architecture, University of 
Iilinois, Urbana, III. 


N. H. Roy, University of Illinois, Urbana, Ill. 


F. E. Ricaart, Research Associate Professor of Theoretical and Applied 
Mechanics, University of Illinois, Urbana, III. 


G. M. Williams, Professor of Civil Engineering, University of Saskatchewan, 
Saskatoon, Saskatchewan. 


107 


JOURNAL OF THE AMERICAN Concrere INsTituTE 


MATERIALS 


ADMIXTURES 


The chemical behaviour of sili- 
ceous materials, trass and diato- 
maceous earth in lime and cement 
mortar. P. Merckr. TJonind. Ztg. 
(Germany). March 30, 1930, V. 54, 
No. 26, p. 444-6.—Combination be- 
tween lime and _ siliceous materials 
appears to be very slight in lime and 
cement mortars, unless lime soln. 
remains in contact with them for a long 
time.—F. O. ANDEREGG 


The effect of mixing time and of 
trass addition on the compressive 
strengths of fluid mortars. (See 
PROPERTIES OF CONCRETE) 


The calculation of sieve analyses 
and the fineness modulus’ by 
Abrams. A. Hummeu. Zement (Ger- 
many), April 1930, V. 19, No. 15, p. 
355-64.—Way is shown to correct 
valuation of aggregates by means of 
sieve analysis. Density and surface 
of aggregates are of fundamental im- 
portance for concrete strength while 
gradation of coarse aggregates has 
little influence. Comparison of sieve 
curves with ideal curves gives much 
information. Water requirement of 
concrete mixes is direct function of 
gradation. Fineness modulus, which 
can be calculated from sieve analysis, 
allows a direct valuation of aggregates 
regardless of sieve curve. This rela- 
tion is illustrated by several synthetic 
samples and samples of practice.—A. 
E. Berriicu 


Report of Committee on Stand- 
ard Specifications of the National 
Sand and Gravel Association. 
STEPHEN STEPANIAN. National Sand 
Gravel Bull., March, 1930, V. 11, No. 
3, p. 14-20.—Work of committee, 
organized in 1926, has been directed 
principally toward selection of com- 
mercial sizes suitable for use as basis 
for production and for specifications. 
In preparing specifications for grading, 
committee took into consideration 
comparatively wide range in grading 
of material encountered in different. lo- 
calities. Committee formulated recom- 


mendations of extreme limits within 
which it was felt that sand and gravel, 
satisfactory for usual purposes, should 
fall, with thought that specifications 
with narrower limitations and falling 
within the recommended over-all limits 
should be prepared in each locality to 
meet needs of local conditions and 
insure product of proper uniformity. 
Recommendations for commercial sizes 
of gravel, were stated in terms of both 
square and round openings, square 
openings to govern in case of dispute. 
Material with not more than 5 per cent 
coarser than the maximum or 10 per 
cent finer than the minimum size is to 
be considered as conforming to these 
requirements. In addition to proposal 
for commercial sizes of gravel, Com- 
mittee reported on its recommendations 
for sieve sizes, specifications for grading 
of sand for inside plaster, and specifica- 
tions for grading of various proposed 
commercial sizes of gravel.—P. Mc- 
Kim 


A “straight - line’ designed 
crushed stone plant. Rock Prod- 
ucts, March 29, 1930, V. 33, No. 7, p. 
57-61.—New plant of Federal Crushed 
Stone Corp. seven miles east of down- 
town Buffalo, N. Y., is equipped with 
42-in. gyratory crusher, 10-in. New- 
house crusher, vibrating screens for 
both scalping and final sizing, and 
concrete stave silos for loading bins. 
No elevators are used, all conveying 
being done by belt. Plant of simple 
straight-line design, scalping and 
recrushing being done at ground level, 
and only finished sizes going to screen 
houses. Designed capacity is 300 tons. 
Dump trucks are used for quarry trans- 
port. Quarry equipment comprises 
wagon drills, jackhammers, compress- 
ors, 5-yd. steam shovel, 5 motor trucks 
and 1)4-yd. electric shovel for strip- 
ping. Screening system is in duplicate. 
A 25-ton gas locomotive is used for 
railroad car switching. Plant is 
operated with crew of 30 men. Ten 
ilustrations, plan and two elevations. 
—Jay Boun 


New Diesel - powered crushing 
plant in Kentucky. Rock Products, 
March 1, 1930, V. 33, No. 5, p. 41-46,— 
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Sunbeam Quarries Co., Clermont, Ky., 
put largest crushing plant in state in 
operation in September, 1929, having 
capacity of 1500 tons of crushed stone 
per day. Caterpillar ‘60’ and trailer 
purchased for stripping were used 
temporarily for quarry transport and 
proved so satisfactory that this system 
will be employed. Quarry equipment 
includes gas-electrie shovel, wagon 
drills and jackhammers. Plant was 
designed and equipped by  Allis- 
Chalmers Mfg. Co. Power furnished 
by 560 H. P. diesel engine. Eleven 
illustrations; four plans and elevations. 
—Jay Boun 


Investigations concerning con- 
crete aggregates. (See PROPERTIES 
oF CONCRETE) 


Effect of characteristics of coarse 
aggregates on the quality of con- 


crete. See PROPERTIES OF Con- 
CRETE) 

at 

CEMENT 


Raw mix control in cement 
manufacture. G. W. Jorpan. Rock 
Products, March 29, 1930, V. 33, No. 
7, p. 55-56—An endeavor is made to 
show that essential factor in propor- 
tioning raw materials is not calcium 
carbonate content, or total carbonates, 
not “hydraulic modulus” or ‘‘molecu- 
lar ratio” but lime-silica index; that 
all other things being equal, correct 
value for this index will increase as the 
SiO. ratio decreases. It cannot be 
R,O; : 
too strongly emphasized that of equal 
importance to chemical composition in 
determining correct lime-silica index 
are the physical factors, fineness to 
which the raw materials are ground, 
and temperatures and duration of 
burning. Due to research work ac- 
complished in past few years, several 
controversial points are cleared up. 
Essential compounds in portland ce- 
ment can now be definitely set forth as: 
tricalcium silicate (8CaO:SiO2), dical- 
cium silicate (2CaO:SiO2), tricalcium 
aluminate (3CaOAl,O;), and a com- 


pound represented by the formula. 


4CaQ-Al,O3'Fe.O; | with the MgO 
remaining uncombined.—Jay Boun 
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Fine grinding of portland cement 
materials. Anton J. Buanx. Rock 
Products, March 1, 1930, V. 38, No. 5, 
p. 64-65.—Various results are obtained 
in way of output and power consumed 
by use of various sized grinding media 
in loading of tube mills. Through 
changes, certain raw grinding mills were 
loaded with 114-in. round balls in 
place of customary load of 1% to 1\%-in. 
round balls. Output was 600 kilos per 
hour less, and power consumption was 
2.1 kw. greater per metric ton of output. 
Summary of test carried on with finish 
grinding tube mills indicated output 
averaged 1000 kilos less per mill hour, 
and power consumption was 5.4 kw.h. 
greater per ton of cement ground, 
accompanied by slight drop in fineness. 
Tabulated results of nine carefully 
recorded and comprehensive | tests. 
Other incidental notations on results 
of these tests.—Jay BoHn 


The present state of the method 
of filtration of cement slurry. 
C. H. Sonntac. Zement (Germany), 
March 1930, V. 19, No. 13, p. 302-4.— 
Description of Oliver Feine and an 
American filter and their application 
for filtration of slurry of following raw 
materials: natural cement rock, lime- 
stone and slate, limestone and clay, 
marl and clay and cement dust. 
Advantages of filtration in cement 
manufacture are discussed and cost 
calculation for this installation is given. 
—A. E. Britiicu 


The effect of ashes and flue dust 
oncement. A. WEISSMANN. To- 
nind. Ztg. (Germany), Apr. 24, 1930, 
V. 54, No. 33, p. 563.—Certain varia- 
tions in strength in portland cement 
coming from wet process kiln were 
ascribed to variable content of coal 
ashes or flue dust in finished cement. 
These dusts tend to accumulate at 
center of larger clinker balls and are 
also found in finest clinker materials. 
Trouble was overcome by adding flue 
dust to raw clay.—F. O. ANDEREGG 


Holland’s first and only cement 
plant. Rock Products, March 1, 
1930, V. 33, No. 5, p. 58-63.—Plant 
was built in St. Pietersberg hills near 
Maastricht, to take advantage of large 
chalk deposits and Maas River and 
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canal transportation. Project was 
developed by ‘Erste Nederlandische 
Cement Industrie,” (Enci), the plant 
having initial capacity of 6000 bbl. 
per day. ‘‘Solo” principle (combina- 
tion of number of operations into one 
machine) and large units have been 
used. Limited plant area between 
chalk deposits and Maas canal necessi- 
tated plant length of 1200 ft. with little 
depth. Chalk is loaded by steam 
shovel to cars and delivered to two-roll 
crusher. Crushed chalk is belt con- 
veyed to wash mill department and 
bins. One conveyor is movable and 
reversible. Clay from ships or storage 
is washed and pumped to chalk wash 
mills affording preliminary check of 
mixture. Raw slurry is collected from 
wash mills and pumped to blending 
tanks, agitated by compressed air. 
From there it is pumped to tank feed- 
ing three wet grinding three-compart- 
ment solo mills. Wet mills discharge 
to 6 slurry tanks. Slurry is pumped 
750 ft. to kiln house. Four rotary solo 
kilns are fired with pulverized coal 
from movable 40 ft. nozzle. Flue dust 
is electrically precipitated. Clinker is 
crushed, elevated and stored for stand- 
ard portland cement clinker and for 
“super cement.” Five solo mills are 
used for finish grinding. Finished 
cement is pumped from storage to 
pack house containing 4 two-tube pack- 
ers, bag cleaning machinery and dust 
collecting system. Testing and control 
laboratory, machine shop, transformer 
substation, compressor room and busi- 
ness office are established at plant. 
Plant layout designed for expansion by 
future addition of raw mills, kilns, 
clinker grinding mills. Entire design 
and machinery installation by G. 
Polysius, A. G., Dessau, Germany, 
which company furnished practically 
all equipment. Twenty-one illustra- 
tions; one plan.—Jay BouNn 


The quality of air separated 
cements. A. B. Hrerpic. Rev. materi- 
aux construction trav. publics. (France) 
Feb., 1930, No. 245, p. 76-8.—In the 
past it has been generally admitted 
that air separated cements have less 
strength than those from standard 
tube mills, but methods have now been 
worked out where yield is increased 
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with no reduction in quality —F. O. 
ANDEREGG ; 


Aluminous cement. HAEGER- 
MANN. Tonind. Ztg. (Germany). 
March, 1930, V. 54, No. 23, p. 393-6. 
It is suggested that high early strength 
cements can be made to serve almost 
all purposes instead of higher priced 
aluminous cement made from imported 
bauxite. Some of properties of latter, 
including special manipulation required 
and variable composition, are brought 
out.—F. O. ANDEREGG 


The use of bauxite in manufac- 
turing portland cement. J. DE- 
Farar. Rev. matertaux construction 
trav. publics. (France) Jan., 19380. 
No. 244, p. 11-18, Feb., No. 245, p. 
64-7.—A_ siliceous limestone, low in 
iron oxide and alumina, did not burn 
properly even on adding iron ore. 
Use of bauxite containing both oxides 
solved problem. Author prefers wet 
process and describes a plant employ- 
ing it.—F. O. ANDEREGG ' 


Latest developments in the Jap- 
anese cement industry. MitTzuzo 
Fusu. Rev. materiaux construction 
trav. publics. (France). March, 1930, 
No. 286, p. 70-3.—Statistics are given 
showing the present favorable position 
of cement industry in Japan. Their 
chief raw materials are limestone and 
argillaceous schists—F. O. ANDEREGG 


The cement modulus. Hans 
Kounu. Tonind. Zig. (Germany), 
March, 1930, V. 54, No. 23, p. 389-92. 
It is concluded that the more com- 
pletely lime is brought into combina- 
tion with silica, iron and alumina the 
better the cement. Therefore, pro- 
posal is made that hydrautic modulus 
be dropped from standard specifica-. 


‘tions for portland cement and replaced 


by degree of saturation with lime.— 
F. O. ANDEREGG 


The development of the separat- 
ing partition in the compound 
mill. Cart Nasxe. Tonind. Ztg. (Ger- 
many), March 20, 1930, V. 54, No. 23, 
p. 386-9.— Description of various types 
of partitions which permit properly 
ground material to pass into the next 
compartment in cement manufactur- 
ing process.—F. O. ANDEREGG 


ABSTRACTS 


The reduction of heat losses of 
wet process rotary kilns. Hans 
EnceL. Tonind. Zig. (Germany), 
March, 1930, V. 54, No. 24, p. 408-9. 
—Thickening or filtering of slurry is 
helpful in imereasing efficiency of 
rotary kiln used in wet process.—F. O. 
ANDEREGG 


About the setting of cement. 
“Ueber das Abbinden des Ze- 
\ments.’’ Report No. 41 of the 
Eidgenoessisches Materialpruefun- 
gsamt der Techn. Hochschule in 
Zuerich. HERMANN GESSNER. 1929. 
Th. Steinkopff, Leipsig. R. M. 4.00. 
Reviewed in Zeztschrift des oesterreichis- 
chen Ingenieur und Architekten Vereins 
(Austria), Feb., 1930, V. 82, No. 9-10, 
p. 81.—The book describes studies on 
the viscosity and electrical conductivity 
of cement-water mixtures. Experi- 
ments are made concerning measure- 
ments of hydration and swelling of 
cement. (cf. Kolloid Zeitschr. (Ger- 
many), Nov. 1928, V. 46, No. 3, p. 
207-16; Jan., 1929, V. 47, No. 1 
65-76 and Feb. 1929, V. 47, No. 2, p. 
160-76.)—A. E. Brrriicu 


The construction of the new 
cement plant in Stupava (Czecho- 
Slovak Republic). WILHELM PeEr- 
ry. Zement (Germany), March 1930, 
V. 19, No. 12, p. 277-9.—Construction 
was started in September 1929. Plant 
is based on wet process and built for 
output of 7000 carloads per year. 
Enlargements are possible to increase 
this figure up to 14,000 carloads. 
Raw materials, clay and limestone, are 
transported by aerial tramway. Slurry 
tanks, kiln and coal mill are in one 
136 m. long building. Iron structure of 
the roof rests on 20 m. high reinforced 
concrete columns. Eight cement stor- 
age bins are 3.5 m. by 14 m. each and 
15 m. high. Sliding forms were used 
for their construction. Most of the 
buildings were built with regular and 
high early strength cements; alumina 
cement was used for slurry tanks.— 
A. E. Brrriicu 


The appearance of cracks at the 
edges of cement pats during stor- 
age in air after water storage. 
H. Burcwartz. Zement (Germany), 
March 1930, V. 19, No. 12, p. 265-6.— 


’ June, 1930 111 


Test pats sometimes show fine hair 
cracks and bigger cracks running from 
the edge to center, when they are 
stored in air after normal water 
storage. These cracks are shrinkage 
cracks and should not be mistaken for 
cracks in unsound cement. Tests were 
made to find out how many cracks 
appear under different storage condi- 
tions and temperatures. On account 
of these shrinkage cracks, the cement 
pats should not be kept in air longer 
than one hour after water storage, 
before they are examined for unsound- 
ness.—A. E. Brrriica 


Rotary clinker waste heat and 
combustion air. Report of the 
furnace committee of the Verein 
Deutscher Portland Cement Fabri- 
kanten. Zement (Germany), March 
1930, V. 19, No. 12, p. 287-91.—Re- 
covery of heat by preheating combus- 
tion air in per cent of total heat con- 
sumption and the temperature of the 
combustion air which can be reached 
by such preheating is shown. Curves 
are given for accurate calculations of 
amount of air in case of different heat 
consumptions and heat content of this 
air at different temperatures. Several 
references are given.—A. E. Britiicu 


Colloidal cement hardening I. 
Hans Ktut, Dr. GorrrrigD AND 
Dr. Tuto. Zement (Germany), March 
1930, V. 19, No. 12, p. 262-4.— 
Hardening of cement is process of 
hydration, mechanism of which is 
not completely worked out. Two 
extreme schools of thought exist. One 
holds that hardening is entirely due to 
formation and interlocking of crystals 
of silicates and aluminates of lime, 
similar to hardening of gypsum. Other 
school holds that hardening process is 
formation of colloidal gels which 
cement together. Author tries to 
prove this latter theory by preparing 
two synthetic slags, fused of pure raw 
materials in oxy - acetylene flame. 
Microscopic and X-ray examination 
showed that one slag was completely 
amorphous, while other one contained 
only traces of crystalline substance. 
These samples were mixed with solu- 
tion of potassium hydroxide (free from 
carbonate) and strength tests were 
made. Setting properties were normal. 
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Slag which was absolutely amorphous 
gave with 10 per cent mixing solution 
8.2 kg./em? and with 20 per cent 9.6 
ke./em? after 3 days. Slag with traces 
of crystalline material gave with 10 
per cent mixing solution 23.6 kg./em? 
after 3 days. Hardened samples 
showed under microscope same absence 
or presence of crystalline material as 
original samples. X-ray studies did 
not detect any traces of crystals in 
the first slag which fact proves, that a 
hardening process is possible without 
any crystalline phase.—A. E. Brrrnicu 


Recent developments in the 
application of closed circuit fine 
grinding. A.ANasiE. Rock Products, 
March 29, 1930, V. 33, No. 7, p. 66-69. 
—Comparison of metallurgical and 
cement industries shows that cement 
manufacturers have not profitably 
applied experience gained by metal- 
lurgical plants with regards to closed 
circuit fine grinding. Based on this 
experience closed circuit grinding should 
prove of value in wet process cement 
manufacture to following extent: (1) 
Closed grinding should increase mill 
capacity 50 per cent; (2) should reduce 
wear on mill liners and grinding media 
25 per cent; (3) should produce con- 
sistently uniform 200-mesh product. 
Recent investigations show there is 
considerable room for improvement in 
cement raw grinding practice. In 
metallurgical practice every attempt 
is made to remove primary slime at 
outset, and finished material from and 
between each stage of grinding as soon 
as reduced to fineness intended for that 
particular stage. Average of eight 
western copper plants show power con- 
sumption of 9.74 kw.h. per ton for 100- 
mesh, and 12.25 for 200-mesh. Certain 
physical, thermal and chemical con- 
ditions are essential for correct burning, 
especially for high early strength 
cement. The conditions are: Fineness, 
temperature, time otf contact in zone 
of maximum temperature, chemical 
composition, and physical structure. 
Closed circuit grinding was expected to 
prove helpful in cement industry for 
reasons: (1) Definite control of fine- 
ness; (2) better mixing of raw material 
before burning; (8) better grinding 
economy through reduced power con- 
sumption and smaller mills. Labora- 
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tory investigations of these studies 
showed that superfines of ‘‘flour’’ were 
not as important as usually supposed, 
but that small amount of oversize 
material coarser than critical mesh 
was largely responsible for incomplete 
combustion, unsoundness due to free 
CaO, and necessity of high tempera- 
tures to counteract effect of oversize. 
Tables give comparative results.— 
Jay Boun 


Calculation of raw mix for ex- 
perimental production of clinker. 
Haroutp H. Strernour anp HusBertr 
Woops. Rock Products, March 15, 
1930, V. 33, No. 6, p. 75-76.—In study 
of effect of systematic variations in 
the chemical composition of cement 
raw mix, desired compositions may 
be obtained by different ways. If 
chemically pure oxides are used, their 
proportioning is simple matter, but in 
any quantity, rather costly. Chemicals 
of technical purity may be used as 
their impurities are simply other oxides 
normally present in cement mix. 
Differences between laboratory and 
plant mixes may be partially overcome 
if plant kiln feed is used as basis for 
new compositions, desired changes 
being obtained by addition of amounts 
of oxides necessary. In table compiled 
on composition of raw materials, 
symbols for ignited materials are: plant 
raw mix, R; Calcium Carbonate, C; 
Magnesium Carbonate, M; Silica, S; 
Alumina, A; and Ferric oxide, F. 
Table gives equation: 

CaO = 0.969C + 0.036M + 0.0188 + 
0.0A + 0.0F + 0.65R 

For general solution CaO and R must 
be treated as constants of unassigned 
values. By transposition similar equa- 
tions may be set up for remaining 
oxides. All clinkers prepared in tests 
were analyzed and results could nor- 
mally be counted on to check calcu- 
lated values within 0.5 per cent.—Jay 
Boun 


Volume constancy of cements. 
(See PropprRTIES OF CONCRETE) 


The determination of the hydro- 
gen ion concentration as an aid in 
cement and concrete research. 


(See PROPERTIES OF CONCRETE) 


ABSTRACTS 
MISCELLANEOUS | 


About the relation between par- 
ticle size and voids in products 
consisting of loose particles. A. 
H. W. ANDREASEN AND J. ANDERSEN. 
Kolloid Zeitschr. (Germany), March 
1930, V. 50, No. 3, p. 217-28.—Based 
on theoretical deductions it was found, 
that every product which consists of 
loose particles, being present without 
any order, hasa certain relation between 
these particles and the voids. When 
coarser particles are added to the first 
product the equation: C (K) = Kgq 
must stay constant if the relation 
between particles and voids should not 
vary. Particle sizes and percentages 
are expressed by the values of C and 
q; K is a constant. Experiments were 
made with two and three different 
gradations observing directions by 
Gum and Kerkhof to obtain a product 
as dense as possible. Products were 
made with variations of gq by means of 
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Tests on the behavior of cement 
mortar in hot water. O7rrTo Grar. 
Deuts. Ausschuss fur Hisenbeton, (Ger- 
many). Heft. 62, 1930, Bldg. Science 
Abstracts (England), March, 1930.— 
Tests were made as study of effect on 
concrete strength produced by high 
temperatures in hot water tanks, 
chimneys, etc. Tensile and compres- 
sive tests of 1:3 and 1:6 mortars were 
made. Various types of storage, using 
temperatures of 20°, 50° and 90° C. 
were employed. Effect of storage in 
water at 90° C. was not great for 1:3 
mortar, giving some reduction in 
strength at greater ages, as compared 
to 20° C. storage. The 1:6 mortar 
showed distinct increase in strength in 
similar tests with 90° C. storage. 
Effect of storage in water at 50° C. 
was not consistent for different cements 
used. Curing in water vapor gave 
higher tensile strengths than did water 
curing, at 50° temperature. Rapid 
alternations from 90° to 20° C. pro- 
duced strains that led to development 
of cracks.—F. E. RicHart 
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Fuller-curve and voids were compared. 
In all examinations the voids were 
measured for loose filled and for packed 
materials. It is shown, that it is not 
possible to obtain most dense products 
with few gradations. This can only 
be done when all particle sizes are 
present within certain limits.—A. E. 
BritTLicu 


- Absorbing properties of silica 
gels. A. P. OxatTov. Journal appl. 
chem. (Russia), 1929, No. 2, p. 21; 
reviewed in Industrie Chimique (France) 
April 1930, V. 17; No. 195, p. 241.— 
Absorbing properties of silica gels are 
independent of coagulation tempera- 
ture of solution and concentration of 
silica in this solution. Below 25° C. 
it is difficult to obtain solution con- 
taining more than 12.5 per cent SiQs». 
Experience has shown that presence 
of monobasic acid increases speed of 
coagulation while presence of NH; 
seems to retard this action.—A. F. 
BEITLICH 


OF CONCRETE 


Investigations concerning con- 
crete aggregates. GILBERT NEss. 
Str. Eng. (England), April, 1930, V- 8, 
No. 4, p. 166-172.—Six-inch cubes, 
made with various fine and coarse 
aggregates and cement, were tested at 
ages varying from 2 days to 12 months. 
Compressive strengths developed and 
portion of coarse aggregate sheared 
were used to measure value of aggre- 
gate used. It was concluded that 
quality of coarse aggreagte was not 
nearly so important as that of the 
matrix and that coarse aggregates 
containing soft particles may be used 
when concrete is not to be stressed 
above 600 Ib. per sq. in. and is not to 
be used in structures subject to water 
pressures or exposed to weather with- 
out waterproofing.—V. P. JENSEN 


Rapid-hardening portland: ce- 
ments. E. . WruiamMs. Cone. 
Constr. Eng. (England), March, 1980, 
V. 25, No. 3, p. 182-183.—Compression 
and bond tests were made with ordin- 
ary and rapid-hardening portland 
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cements. Compression tests on 6 in. 
cubes; bond tests with polished bars 
embedded axially at each end of con- 
crete blocks 6 by 6 by 12 in., forming 
double pullout specimen. Concretes 
were of 1:2:4 and 1:3:6 mixes. Com- 
pression tests showed strength of 1:2:4 
concrete made with rapid hardening 
cement at 7 days to be 2% to 314 times 
that of ordinary concrete at 21 days. 
With 1:1:2 concrete somewhat less 
advantage was found. Bond _ test 
results were erratic, but indicated that 
bond with rapid-hardening cement at 7 
days exceeded that for ordinary cement 
at 21 days.—F. E. Ricuart 


The effect of mixing time and of 
trass addition on the compressive 
strengths of fluid cement mortars. 
A. Srnoppon. Tonind. Zig. (Germany) 
May 1, 1930, V. 54, No. 35, p. 590-1.— 
The mix was of equal weights of 
cement and sand with 25 per cent water. 
Elec. stirring was used at 100 R. P. M. 
for 5, 80 and 170 min. The densest 
mortar was obtained by mixing for 80 
min. The same was true for neat 
cements. A standard and a high early 
strength portland cement gave highest 
strengths after 80 min. mixing, while 
a Kuhl cement showed diminutions on 
continued mixing.—F. O. ANDEREGG 


Tests of pavement concrete being 
conducted by the U. S. Bureau of 
Public Roads. 
Crushed Stone J., April, 1930, V.6, No. 4, 
eres : ae 2 
concrete for highways are durability 
and strength, and transverse strength 
seems more important than compres- 
sive strength. Freezing tests indicate 
that when water-ratio exceeds 1.0, 
durability of concrete is controlled by 
durability of mortar and that. low 
water-ratio mixtures may require aggre- 
gate of greater durability than those 
having high water-ratio. Coarse aggre- 
gates have particularly important 
influence on transverse strength and 
therefore given water-ratio does not 
insure given modulus of rupture. High 
and low strengths are obtained within 
different classes of aggregates so each 
individual aggregate must be consid- 
ered as individual case. New specifi- 
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cation is proposed based on transverse 
strength. In its operation, preliminary 
tests are made to determine correct 
proportions for desired transverse 
strength with particular aggregates 
available for job. As result of these 
tests contractor is supplied with batch 
weights, or weights of cement, sand 
and coarse aggregate per cubic yard 
of concrete. Specification also covers 
in detail desired characteristics of 
concrete ingredients.—A. T. GoLDBECK 


Ready-mixed conctete. STANTON 
Waker. National Sand Gravel Bull. 
February, 1930, V. 11, No. 2, p. 54-58. 
—From a study of available informa- 
tion on the ready-mixed concrete 
industry, following conclusions have 
been drawn; (1) Ready-mixed concrete 
industry gives promise of becoming 
stabilized business and therefore does 
not offer prospects of more than con- 
servative return on investment. (2) 
Field for ready-mixed concrete is 
broad enough to include all types of 
concrete construction and opportun- 
ities for development in this direction 
are unlimited. (8) Only careful study 
of actual or potential building program 
of community will determine whether 
it can support ready-mixed concrete 
plant. Generally speaking, community 
with population of 50,000 should, under 
favorable conditions, permit successful 
operation of ready-mixed concrete 
plant. (4) Availability of raw materials 
is first importance in location of ready- 
mix plant. (5) Measured by ordinary 
business experience, gross sales of 
ready-mixed concrete plant must be 
relatively large as compared with 
investment. (6) Question of proper 
equipment for ready-mixed concrete 
plant is matter which can be deter- 
mined only by consideration of local 
conditions. (7) Tests have shown 
ready-mixed concrete can be trans- 
ported for any reasonable distance 
without deterioration in quality of 
concrete by use of equipment now 
available. (8) Ready-mixed concrete 
operator is ideally situated to exercise 
equivalent of laboratory control over 


concrete used in ordinary construction. 
—P. McKm 


Effect of characteristics of coarse 
aggregates on the quality of con- 


ABSTRACTS 


crete. Stanton Waker. Bull. 5, 
National Sand and Gravel Association. 
March, 1930, 16 pages. The more 
authoritative conclusions which have 
been drawn from available information 
are outlined, suggestions are made con- 
cerning factors on which data are 
needed and some features are cited 
which have made development of 
exact information slow and difficult. 
More important factors which have 
direct bearing on quality of concrete 
are summarized and conclusions drawn 
from study of various data. outlined 
are: (1) Aggregate characteristics 
have important effects on quality of 
cencrete, but these are generally of 
less importance than effects which may 
result from variations in proportioning, 
mixing, placing and curing concrete. 
(2) Aggregate characteristics which 
affect quality of concrete are, in general, 
common to different types of materials. 
Studies of them should be made without 
reference to type. (8) Studies of 
ageregate characteristics should include 
consideration of significance of dura- 
bility, hardness and strength of aggre- 
gate particles, surface texture, shape, 
deleterious substances and grading. 
(4) Except for durability and certain 
deleterious substances, there are, in 
general, no significant aggregate char- 
acteristics the effect of which cannot 
be compensated for by relatively minor 
changes in proportions. (5) Indications 
of few tests available are that aggre- 
gates which are unsound for given con- 
dition of exposure will cause eventual 
disintegration of concrete exposed to 
same conditions. (6) Carefully con- 
trolled tests of different aggregates 
falling within range of quality of those 
commonly used for concrete have 
shown differences in transverse strength 
of concrete of approximately 25 per 
cent due to aggregate characteristics 
other than grading, soundness, or delet- 
erious substances. Rough estimate 
would place responsibility on strength 
of particle for about one-half of this 
difference and one-half on surface tex- 
ture. (7) Principal effect of more com- 
mon so-called deleterious substances, 
such as soft and friable particles, is on 
appearance of concrete for compara- 
tively wide range in quantity present. 
(8) Variations in grading of coarse 
aggregates cause variations in economy, 
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workability, yield and strength of con- 
crete —P. McKim 


Concrete for resisting sea water. 
H. E. Squire. Contr. Jour. (England) 
Apr. 16, 1930, V. 102, No. 2653, 2654, 
p. 1265, 1345. (ef. Proceedings Am. 
Com, Ihain, UGH, WW, Wa ie, Wises.) 
Marine structures deteriorate from 
mechanical abuse of sea water and 
its chemical effects on concrete. 
Deterioration manifests itself first, 
by softening, cracking and _ spalling 
of surfaces, normally attributed to 
chemical changes and leaching out of 
slightly soluble ingredients, such. as 
calcium hydrate; second by spalling of 
concrete due to corrosion and expan- 
sion of steel reinforcement. First type 
occurs below water line and depends on 
design and quality of concrete which 
should be uniform and capable of 
resisting absorption and circulation of 
water. Concrete with high com- 
pressive strength is usually obtained 
with a low water content and is not 
therefore necessarily most suitable for 
sea work on account of great absorp- 
tion. Reasonably high cement con- 
tent, well graded aggregate and uniform 
quality are essential to satisfactory 
concrete. Sufficient water should be 
used to produce a mushy consistency, 
with slump of 3 to 5 in. and 28-day 
strength of 2500 Ib. per sq. in. 
Aggregates should be inert and non- 
absorbent. Washed and _ screened 
gravels are preferable to crushed and 
dry screened rocks owing to varying 
accumulation of rock dust in latter. 
An addition of fixed quantity of rock 
dust, fine sand or diatomaceous earth 
to produce stickiness and greater uni- 
formity may, however, be beneficial. 
Hydrated lime should not be used. 
Tamping, after mixing, is as essential 
to good concrete as careful proportion- 
ing of materials, and sufficient labor 
should be provided to handle required 
output without undue haste. Pre- 
casting members is much preferable to 
casting concrete under water because of 
greater uniformity of product obtain- 
able. Increasing fineness of cement and 
limiting magnesia content to 3 per cent 
were not proved essential. Steel needs 
cover of 4 to 5 in., even with good 
concrete, to prevent corrosion, and 
obtain protection. Damage due to 
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such corrosion appears usually as an 
occasional crack after 8 or 10 years, but 
does not seriously affect stability under 
20 or 25 years, the life of reinforced 
concrete structure as ordinarily de- 
signed. Present value of fund to 
replace structure in 25 years, is less 
than 30 per cent of first cost, based on 
5 per cent interest, while absolute 
permanence is worth an additional first 
cost of about 42 per cent. Life of 
structure is prolonged by protecting 
steel. One expedient is to give greater 
cover than ordinarily employed, and to 
use small diameter bars which exert 
less pressure. Angles and heavy con- 
centration of steel in beams offer less 
resistance than smooth surfaces and 
slabs. Impact from ships should be 
carried axially on piles rather than by 
bending strain in structure. Asphaltic 
coatings with sufficient viscosity to 
heal over crack should be employed to 
prevent deterioration. Injection of 
asphalt under heat and pressure is 
expensive and not applicable to deck 
work. Metallic coatings to steel reduce 
the bond slightly, but galvanizing has 
so far proved successful. Cadmium 
may also prove successful; and both 
zine and cadmium are electro-positive 
to iron and thus retard corrosion. It 
is more probable that permanence in 
reinforced concrete as structural ma- 
terial for marine work, may be obtained 
by surface coating or metallic coating 
to steel rather than from protection 
from the concrete itselfi—Joun E. 
ADAMS 


Improvement of concrete masses 
through a vacuum process. Das 
Betonwerk (Germany), March 23, 1930, 
V. 18, No. 13.—Just as it is possible to 
produce plaster or concrete masses with 
excess of pores by employment of 
rarefied air, it is also possible to produce 
a dense concrete by extracting air from 
concrete mass during mixing operation. 
Machines are now being perfected to 
bring theoretical possibilities into prac- 
tice —H. FRAUBNFELDER 


Volume constancy of cements. 
Hans Kunu. Tonind. Ztg. (Germany) 
Feb. 27, 1930, V. 54, No. 17, p. 278-81. 
—A discussion of the retrogression in 
strength which often follows the wetting 
of dry concrete, colloidal properties of 
the cement and their volume con- 


stancy.—F. O. ANDEREGG 

Mixing water as a cause of a 
setting failure. G. HarGeRMANN. 
Zement (Germany), March 1930, V. 19, 
No. 12, p. 264-5.—Two concrete floors, 
made of same aggregate and cement 
showed different behavior on the job. 
One was satisfactory but other failed, 
concrete did not set and heavy coating 
of calcium carbonate crystals formed 
on surface. Chemical and physical 
tests showed uniformity of raw ma- 
terials, but concrete which failed con- 
tained up to 2 per cent NO; and P. 
These impurities came from mixing 
water which was not sufficiently puri- 
fied when second floor was placed and 
contained 4.5 per cent N. O;. An 
amount of 0.75 per cent Ns Os, was 
without any effect on the setting 
process.—A. E. Brrrricu 


The determination of the hydro- 
gen ion concentration as an aid 
in cement and concrete research. 
Kart Binuu. Zement (Germany), 
March 1930, V. 19, No. 12, p. 269-73. 
—Method is given and apparatus 
described to determine hydrogen ion 
concentration of waters, which might 
have a corroding effect on concrete. 
Water containing carbon dioxide de- 
teriorates concrete, made from ordinary 
portland cement, only, when its hydro- 
gen ion concentration is 7 or below 7. 
Tables and curves are given showing 
the amounts of free and combined 
carbon dioxide in the water and their 
corresponding py. Additional tests 


showed the influence of salts, dissolved 
in the water, on the py. Second part 
of article deals with determination of 
solubility of 16 different cement 
brands, portland cements, made in 
rotary and shaft kilns, blast furnace 
slag cements, Eisenportland cements, 
high alumina cements and mixed 
cements. The alkalinity and hydrogen 
lon concentration were determined in 
order to find a means to measure the 
resistance of cements against corrosion 
by water.—A. E. Brrrrice 


The valuation of shrinkage num- 
bers. A new comparison for con- 
crete. A. GuTTMANN. Zement (Ger- 
many), March 1930, V. 19, No. 12-13, 
p. 267-9, 305-6.—Measurements of 


; 
: 
; 
; 
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volume changes of cement test pieces is 
carried out in many different ways. 
Different observers use different sizes 
of test pieces; apparatus, aggregates, 
storage, time, temperature and mois- 
ture in air vary in all cases. Author 
designed apparatus for making stand- 
ard tests of volume changes and exam- 
ined different types of cement. The 
“concrete comparator’ consists of a 
table 50 cm. long with a frame with two 
sliding microscopes (magnification 100 
times). The apparatus enables the 
study of test pieces of various sizes 
and dimensions with an accuracy of 
You. The shrinkage of concrete 
expressed by its ‘“‘shrinkage number’”’ is 
due to the specific surface of the test- 
piece. Formulas are given to calculate 
the “shrinkage number’ for large 
blocks from small test pieces.—A. E. 
BEITLIcH 


Testing apparatus for the water 
permeability of concrete. ROBERT 
Orzen. Zement (Germany), March 
1930, V. 19, No. 12, p. 274-7—An 


June, 1930 117 


apparatus is described for determina- 
tion of water permeability of concrete. 
Special features are: (1) water pressure 
can be kept constant for unlimited time 
without any necessary operations, (2) 
amount of water which passes through 
concrete in main direction and through 
sides of test piece can be measured 
numerically, (3) pressure can be varied 
within wide limits up to 30 atm. and 
can also be varied at different test 
places at the same tinre, (4) concrete 
cylinders up to 50 cm. diameter and 30 
cm. length can be tested.—A. E. 
Beitlich. 


About the setting of cement. 
(See Matrriats—CEMENT) 


The appearance of cracks at the 
edges of cement pats during stor- 
age in air after water storage. 
(See MatTrrraLs—CEMENT) 


Reinforced concrete on railways. 
(See ENaInnERING DrstgN—MIscret- 
LANEOUS) 


ENGINEERING DESIGN 


BRIDGES 


New bridge and dam at Arnprior, 
Ont. Grorce 8. M. Grammer. Can. 
Eng., March 25, 1930, V. 58, No. 12, 
p. 421.—Combination concrete bridge 
and dam was built over the Madawaska 
river at Arnprior, Ontario, replaces 
timber structure destroyed by floods 
in 1928. Spillway dam is of gravity 
cross section with ogee curved face. 
It is 500 ft. long and has maximum 
vertical depth of 23 ft., the down- 
stream toe being provided with apron 
at deepest section. Fish ladder of 
reinforced concrete at center of main 
channel comprises interconnected series 
of pools 4 ft. by 5 ft. by 4 ft. in depth, 
stepped at a slope of approximately 15 
degrees. Concrete mix for dam was 
1:2:4 of coarse but well graded sand 
and a large aggregate of crushed lime- 
stone rock ranging in size to 3 in. 
This concrete was difficult to handle 
and for a portion of the work washed 


gravel, 14 in. to 3 in. was substituted, 
which gave greater ease in handling. 
Test cylinders averaged 3,900 lb. sq. in. 
at 28 days. Reinforced concrete bridge, 
500 ft. long, has 24 ft. roadway with 
6 ft. sidewalk along one side. Bridge 
was designed to carry vehicles up to 
20 tons in weight. Design is two- 
girder deck bridge, 50 ft. span with 
system of stringers and overhanging 
floor beams carrying road and walk 
slabs. Girders are 24 in. wide, 7 ft. in 
overall depth, reinforced with 21 144- 
in. bars with 4-in. stirrups. For the 
bridge a mix of 1:2:3 well graded sand 
and crushed limestone coarse aggregate 
passing a 114-in. mesh was_ used. 
Strength tests gave 3,800 lb. per sq. in. 
at 28 days. Badly fissured rock founda- 
tion made dry coffer dams impossible 
and some concrete was placed through 
water by means of a tremie. Much of 
the coffer dam and concrete work was 
carried on during winter requiring stock 
piles of aggregates to be heated by 
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means of steam points. Water and 
aggregate were heated to between 100- 
130° F. - Dam contains about 3600 cu. 
yd. and bridge 1500 cu. yd. of concrete. 
—G. M. WittiaMs 


Reinforced concrete bridge at 
Conflans. Conc. Constr. Eng. (Eng- 
land), April, 19380, V. 25, No. 4, p. 
267-269.— New reinforced concrete arch 
bridge at Conflans-Fin d’Oise, near 
Paris, is of 413 ft. 5 in. span. Two 
parallel hollow arch ribs have rise of 
54 ft. 6 in.; are each 4 ft. wide and vary 
in depth from 4 ft. 2 in. at springing to 
6 ft. 8 in. at crown. Suspended floor 
carries a 16 ft. 4 in. roadway and two 
3 ft. 3 in. sidewalks. Wind bracing 
consists of light system of lattice 
girders connecting two arch ribs.— 
F. EK. Ricnarr 


Aesthetic in bridge construction. 
“Aesthetik im  Bruerckenbau.”’ 
Frizeprich Hartmann. 1928, Franz 
Deuticke, Leipzig and Wien, R. M. 
17.50. Reviewed in Zement (Germany) 
April, 1930, V. 19, No. 14, p. 340.— 
Book is one of few good publications 
on subject of aesthetic in engineering 
constructions. Much consideration is 
given to reinforced concrete bridges. 
The book is of great value to designing 
architects.—A. E. Brrriicu 


New bridge for Kettle Creek 
Valley, Ontario. WARREN C. Miter. 
Can. Eng., April 15, 1930, V. 58, No. 15, 
p- 481.—Michigan Central Railway has 
built near St. Thomas, Ontario, to 
replace old steel trestle, plate girder 
bridge supported on concrete piers, 
designed tor Cooper’s B—70 loading. 
Concrete towers 90 ft. high and 13 ft. 
x 38 ft. at base are carried on spread 
footings —G M. WitiraMs 


Ingenious construction on Mill 
street bridge, Watertown, N. Y. 
KE. H. Harper. LHng. News-Record, 
April 10, 1980, V. 104, No. 15, p. 
603-605.—Old three-hinged steel arch 
bridge crossing Black River on Mill 
St. in Watertown, N. Y., was ‘replaced 
with reinforced concrete arch involving 
interesting problems of design and 
construction. Old bridge built in 1897 
had _ become inadequate to carry 
modern live loads and had deteriorated 
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somewhat because of almost constant 
spray from upstream dam and water- 
fall. Arch had span of 165 ft. and rise 
of 15 ft. 8 m. and end shoes abutted 
against walls of laminated limestone 
gorge. About 38 ft. below roadway two 
ledges of more massive limestone forma- 
tion extended from vertical rock walls 
toward the middle of the river. Pieces 
of broken limestone on river bed 
between these ledges and the frequent 
floods would have made erection of 
centering difficult and risky. For this 
reason, and for economy, old bridge was 
used to its maximum extent. Old 
bridge was not strong enough to per- 
mit suspension of forms for new con- 
crete arch, but carried five sets of steel 
reinforcing ribs after removal of old 
roadway and sidewalk. Consequently 
it was decided to utilize structural steel 
reinforcing in new arch and design steel 
ribs with sufficient capacity to carry 
weight of forms and rib concrete and 
still have sufficient surplus of area to 
act as reinforcement to rib concrete for 
carrying live load and remainder of 
dead load. Usually such structural 
steel ribs are designed as three-hinged 
arches because of complicated adjust- 
ments necessary to make closure at 
crown and to induce dead load stresses 
in the members when hingeless steel 
arch is built out from fixed abutments. 
To avoid such adjustments and for 
ease of erection, ribs were suspended at 
frequent intervals from the old bridge 
by hangers. After riveting all splices 
ribs were adjusted to proper height by 
raising or lowering hanger rods. With 
ribs thus erected, they were concreted 
into abutments and upon release of 
hanger rods swung free as hingeless 
steel arches. Six figures.—D. : 
Larson 


A new arch bridge in Prague. 
F. Emprercer. Tonind. Ztg. (Ger- 
many), March 17, 1930, No. 22, p. 
369-372.—Expansion of city of Prague 
which is divided by the Moldau river, 
and absorption of suburbs have ren- 
dered necessary construction of new 
bridges that today present a good 
study in evolution of masonry bridge 
design. New arch bridge described 
was first planned in 1911, but not built 
until 1926. It was completed in 1928. 
Cost was 114 million marks, 51% times 


ABSTRACTS 


price estimated in 1911. Structure has 
overall length of 740 ft. and consists of 
four three-hinged, hollow  spandrel, 
barrel arches each with clear span of 
about 150 ft. and rise of about 16 ft. 
Two river piers are founded on pneu- 
matic caissons. The lower hinges are 
not at springing but are 15 ft. from 
bases of piers. Hinges of Mesnager 
type were formed by crossing heavy 
rods at hinge point. Full-size tests of 
hinges showed failure occurred only 
when steel had reached its yield point. 
Bridge has 34-ft. roadway and total 
effective width including sidewalks, of 
53 ft. Structure consists of twin 
arches symmetrical about roadway 
center line. Water main is carried 
between these two units. Type of 
design simplified form work, as one 
half ‘of arch could be poured and same 
forms then shifted to other half.— 
A. A. BRI®LMAIER 


Handbook of reinforced con- 
crete construction. (See Frmip Con- 
STRUCTION— BRIDGES) 


BUILDINGS 
Reinforced concrete jetty and 
terminus at Cherbourg. Cone. 


Constr. Eng. (England), March, 1930, 
V. 25, No. 3, p. 1938-196. — The new 
harbor station includes (a) a main 
building 280 meters long by 42 meters 
wide, a hall 240 m. long and 15 m. 
wide covering a traffic approach from 
the street and (c) a single-span_ hall 
240 m. long and 39 m. wide. These 
structures are all carried on reinforced 
concrete piles. The buildings use 
reinforced concrete construction in 
many interesting forms. Structural 
frames for main building are rigid 
frames and roofs are of reinforced 
concrete.—F’. E. RicHarr 


The great food storage house in 
Leipzig (Germany). FRANz DIscHIN- 
caer. Zement (Germany), March, 1930, 
V. 19, No. 12, p. 279-81.—Description 
of large storage building with two 
cupolas. Each cupola has span of 76 
meters and rests on'8 remforced con- 
crete columns. Entire building is 280 
meters long. Illustrations show every 
phase in cupola construction and 
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arrangement of reinforcement in con- 
crete. Description is given of static 
pressure tests on small models. (cf. 
Beton und Hisen (Germany), 1929, No. 
18-19.)—A. E. Brerriice 


Reinforcement of a concrete 
ceiling in the central telephone 
office building in Bresiau (Ger- 
many). Orro Verr. Zement (Ger- 
many), April 1930, V. 19, No. 15, p. 
354-5.—Concrete. ceiling, previously 
designed and constructed for live load 
of 250 kg./m? was reinforced to carry 
live load of 650 kg./m?. New construc- 
tions were made with high early 
strength cement.—A. E. Brrriicn 


Changes in New York City build- 
ing code. Hng. Con., April, 1930, p. 
162.—Some of changes in Code which 
affect reinforced-concrete design are: 
(1) Permission to use special steels, (2) 
decrease in wind pressures from 30 to 
20 lb. per sq. ft., wind loads to be 
carried i frame, (8) reductions in 
minimum live loads for many types of 
buildings, (4) decreases in minimum 
loads required for light factory build- 
ings, stables and some garages, (5) 
reductions in live loads required on 
columns, piers and girders in buildings 
over five stories high, and (6) increases 
in working stresses allowable on steel 
used in reinforced concrete and on steel 
and concrete columns to conform in 
general to increases made in permissible 
stresses for ordinary structural steel.— 
N. H. Roy 


Reinforced concrete arch hangar 
at Montreal. Eng. Con., April, 1930, 
p. 180-181.—First application of arch 
to this type of structure has been made 
at Point aux Tremble Airport, Mont- 
real, Que. Hangar is 100 by 100 ft. in 
area with an arched roof and buttressed 
columns. Arch rings are at 10 ft. 
intervals. Roof slab is supported on 
intrados of arch, thereby making form- 
work for roof continuous on inside. 
For design, ultimate steel strength was 
taken as 55,000 lb. per sq. in. and 
working stress at 16,000 lb. per sq. in. 
Ratio of moduli of elasticity of steel 
and concrete was taken as 15. Shrink-~ 
age coefficient was taken as 0.0005. 
Concrete mixes were carefully designed 
and controlled.—N. H. Roy 
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Construction anatomy. 
(See ARCHITECTURAL DEsIGN) 


Dams 


Combination arch and gravity 
dam. J. B. Jaxossen. Eng. Con., 
April, 1930, p. 162.—Professor Probst, 
University of Karlsruhe, Germany, 
has designed combination dam in which 
lower part is gravity dam and upper 
part is arch dam. Arch dam is sup- 
posed to be free to slide at a joint 
between arch and gravity sections. 
Design eliminates undesirable feature, 
usually encountered, of having arch 
dam act as gravity dam near its base 
with the consequent high tensile 
stresses developed due to fixed base. 
Design is patented in Germany, but is 
not believed to be in this country.— 
N_ H. Roy 


Laboratory tests of reinforced 
concrete arch ribs. Witpur M. 
Witson. Bul. 202, University of 
Illinois, Engineering Experiment Sta- 
tion. Feb. 25, 19380, V. 27, No. 26, 102 
p.—Thirteen reinforced concrete arch 
ribs were tested, each with span of 
17 ft. 6 in. and rise of 4 ft., thickness of 
5 in. at crown, and of 10.8 in. at spring- 
ing. Load was applied at six points, in 
most cases symmetrical but in two 
tests non-symmetrical. Series included 
ribs of four different widths. Effect of 
spiral reinforcement studied in two 
specimens. Abutments were cast inte- 
grally with arches, and were rotated to 
varying degrees in certain tests. 
Standard cylinders showed strength of 
concrete from 1500 to 3600 lb. per sq. 
inch. These tests indicate that con- 
crete in rib developed same ultimate 
strength as in 6 x 12 in. controlled 
cylinders. Wide variations in value of 
Ee were observed and computed and 
it was found that this value was greatly 
affected by concrete-placing operations. 
All specimens were tested to failure. 
These tests indicated that strength of 
arch is determined by its weakest sec- 
tion and that failure to consolidate con- 
crete properly at any section may be 
very serious. Very close agreement 
was found between test results and 
values computed by usual elastic 


theory, under the assumptions that 
value of Hc was constant at all sections 
and that moment of inertia of section 
be computed on basis that concrete 
resists tension and that value of He 
is same in tension as in compression. 
Spiral reinforcement was found not to 
increase strength of slender arch ribs 
such as those tested. Time yield of 
concrete under long continued loading 
was found to result in rotation of 
abutments without an increase in the 
moment but rate of rotation was much 
less at end of test period than at its 
beginning. Ribs having ratio of 
unsupported length to width of 30 were 
not weakened by any tendency to 
buckle when not subjected to lateral 
loads. Numerous diagrams and tables 
show tests of each arch rib in detail, 
manner of failure and comparison of 
principal data of test and of computa- 
tion.—ArtTuur R. Lorp 


Dependability of the theory of 
concrete arches. Harpy Cross. 
Bul. 203. University of Illinois, En- 
gineering Experiment Station. March 
18, 1930, V. 27, No. 29, 36 p—Mathe- 
matical investigation of a large num- 
ber (150) of arches indicates that over 
one-half of total stress may be readily 
and accurately computed by ordinary 
“elastic” or, geometric theory of arches 
in any of its common forms of expres- 
sion. Flexural stress due to live load 
cannot be predicted with absolute pre- 
cision. Departure of actual stress from 
computed value in any arch can scarce- 
ly be greater than probable variation 
in quality of concrete and will generally 
be much less. Results by the elastic 
theory may be expected to be within 
5 per cent of true values. The theory 
of arches is more dependable than 
theory of flexure as generally applied to 
beams and is a safe and convenient 
guide to design. There appears to be 
no good foundation for belief that stress 
at section of weak conerete will be auto- 
matically reduced by the presence of 
such weak concrete. It may even be 
increased at such sections if elastic 
properties at several sections vary 
simultaneously. Variations in He from 
+650 per cent to —33 per cent are con- 
sidered, and many tables and diagrams 
are given showing the computed effect 
of such variations at various sections on 
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moment at all principal sections. 
Temperature changes are also dis- 
cussed and computed but effect of rib 
shortening is not considered.—ARTHUR 
R. Lorp 


A method of arch design. G. P. 
Mannina. Conc. Constr. Eng. (Eng- 
land), April, 1930, V. 25, No. 4, p. 
245-248. Article is continuation of an 
analysis of symmetrical arches. Con- 
sideration is given to effect of move- 
ments of abutments.—F. E. Ricuarr 


Reinforced concrete cement silos. 
Cone. Constr. Eng. (England) April, 
1930, V. 25, No. 4, p. 249-255— 
Eight new reinforced concrete silos of 
2000 ton capacity each are used to 
store cement at plant of the British 
Portland Cement Manufacturers, Ltd. 
at Greenhithe. Silos have inside diam- 
eter of 32 ft: 6 in. and height of 96 ft. 
6in. Each silo is carried on 16 columns 
supported by footings on chalk founda- 
tion. Silo walls are 6 to 614 in. thick, 
and are reinforced with vertical bars 
and horizontal hoops. Each silo is 
divided by vertical walls into four com- 
partments, one semi-circular and three 
60-degree sectors. Silos discharge 
cement in bulk into enclosed steel 
wagons of 25-ton capacity, electrically 
driven.—F. E. Ricwarr 


Reinforced concrete tanks. W. 
S. Gray. Conc. Constr. Eng. (England) 
April, 1930, V. 25, No. 4, p. 257-264.— 
Methods of designing open circular 
and rectangular tanks embedded in 
ground are given, with assumptions for 
lateral pressures on sides and uplift 
on bottom. Moment coefficients for 
bottoms of circular tanks are given in 
diagrams. Means of increasing stabil- 
ity of empty tank against floating are 
discussed.—F’. E. Ricwartr 


Design of reinforced concrete 
slabs. W. L. Scorr. Conc. Constr. 
Eng. (England), March and April, 
1930, V. 25, No. 3 and 4, p. 167-177, 
221-231.—This paper is based on the 
analysis of thin plates or slabs under 
concentrated loads by M. Pigeaud (cf. 
Annales des Ponts et Chausees, Feb. 
1921). Treatment given is for rect- 
angular slabs freely supported along 
edges and subjected to loads on 
rectangular areas of varying sizes. For 
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highly concentrated loads transverse 
and longitudinal moments remain 
sensibly constant for all panel ratios 
greater than 2 to 1. While analysis 
gives smaller moments than older 
methods, it is contended that it is more 
closely in accordance with true con- 
ditions. Diagrams are given for bend- 
ing moments in panels of various panel 
shapes and concentrations of load. 
Formulae are also given for intensities 
of shearing stresses along supports and 
along edges of loaded areas. Second 
article gives numerical examples of 
analyses of slabs subjected to one or 
more concentrations of load.—F. E. 
RicHART 


Marine structures in reinforced 
concrete. R. N. Srroyzr. Conc. 
Constr. Eng. (England), April, 1980, 
V. 25, No. 4, p. 232-244—Use of 
floating caissons in harbor and wharf 
construction, as well as for bridge piers 
and sea walls is discussed. Methods of 
building and launching the caissons are 
given. Many examples of caissons 
used in wharf and‘quay walls in various 
parts of world are shown, with views 
and diagrams.—F. KE. RicHart 


Influence lines as deflection dia- 
grams. H. SHEPHERD. Jour. 
Institution Engineers. (Australia). Mar., 
TORO View NON S. 73.—For any 
structure the ordinate of influence line 
for any particular force (or group of 
related forces such as moments, 
shears, etc.) can be given by displace- 
ment of points in structure, when some 
pre-determined displacement is in- 
duced in’ structure, this value being 
unity on preselected scale. Nature and 
position of this displacement deter- 
mines what force will be shown by 
influence line. Reference is made to 
D. B. Steinman’s statement (cf. Eng. 
Record, May 18 & 20, and Nov. 15, 
1916) that influence line for any reac- 
tion, shear, bending moment, or stress 
is identical with deflection diagram 
produced by unit displacement at 
point of application, and in direction of 
desired reaction, shear, bending mo- 
ment, or stress. Proofs are based on 
Maxwell’s reciprocal theorem. This 
rule is easily applied but must be cor- 
rectly interpreted. Various methods 
of application for structures, simple 
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framed and otherwise, are discussed, 
with proofs in an appendix. Principle 
forms basis of an accurate method for 
determining influence lines for stati- 
cally indeterminate structures by me- 
chanical means.—Joun E. ADAMS 


Reinforced concrete on railways. 
Engineer (England). Apr. 25, 1980, V. 
149, No. 3876, p. 466.—It was reported 
at International Railway Congress, 
Rome, in 1922, that trials of reinforced 
concrete sleepers were unsuccessful on 
Italian State Railway, where 300,000 
had to be taken up from main lines and 
put in station yards. The Roman 
reporters recommended, (a) substitu- 
tion of hardwood tree-nail for cast 
iron bush used in Calot sleeper, to 
take coach screw, (b) interposition of a 
wooden packing between sleeper and 
bottom of rail, (c) complete suppression 
of tamping under centre portion of 
sleeper. Present report states that 
many thousands have been laid since 
that time, on Paris, Lyons & Mediter- 
ranean, Nord, and Paris-Orleans Rail- 
ways, and they appear to be technically 
satisfactory. On small radius curves, 
it is found that the Calot sleeper tends 
to widen its gauge by 14 in. to # in. and 
then remains constant. When plant 
for mass production is near a river from 
which sand and ballast may be taken 
without transport cost, cost is less than 
for wooden sleepers. Benefits due to 
use of quick setting cement and high- 
tensile steel; use of pin joints to reduce 
secondary stresses; introduction of 
systematic deformations before strik- 
ing centers in bridge construction, are 
mentioned in this year’s report. Great- 
er development in use of concrete is 
reported for small span railway bridges 
and road bridges. London & N. E. Ry. 
favors reinforced concrete for building 
construction because of durability, low 
maintenance costs, fire resisting pro- 
perties, better distribution of load over 
foundations, and for marine work sub- 
ject to depreciation by worms. - Dense 
concrete, secured by control of water 
cement ratio, grading, and regulation 
of mix, should lead to greater strength, 
permanence, and serviceability.  Al- 
though damage due to smoke is 
reported in several instances, one 
reporter gives an account of test on 
the Southern Ry. of Austria on a con- 
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crete structure. It was observed that 
layer of soot was confined to surface; 
there was no evidence of molecular 
change in iron; no chemical change in 
concrete; presence of sulphuric and 
sulphurous and carbonic acids was not 
discernable except in outside 1 c. m. 
layer of concrete. A 3 c. m. thick 
cover was therefore considered suffi- 
cient, provided conerete was compact. 
—Joun EK. Apams 


Flat-slab concrete track deck in 
St. Louis Union Station. W. F. 
SAUNDERS, Jr. Eng. News-Record, 
April 17, 1930, p. 652-654——Enlarge- — 
ment of union station at St. Louis, Mo., 
as described in Hng. News-Record, 
Nov. 22, 1928, p. 766, consists of 
trucking subway with flat slab roof 
carrying station tracks and platforms. 
One of many problems in design and 
layout encountered was that of 21 in. 
flat slab, 30 ft. span, to carry H-60 
loading plus 30 per cent impact. This 
slab carries tracks across subways and 
some old basements. It is supported by 
twin columns centered under tracks 
wherever possible. Panel lengths were 
consequently varied to conform to 
local conditions. Two-way reinforce- 
ment was used. Longitudinal (parallel 
to tracks) and transverse moments were 
separately determined. Conditions in 
railroad deck are so dissimilar to those 
in ordinary flat slabs that it was not 
deemed advisable to take for granted 
empirical rules of flat-slab design, but 
meticulous check of moments was made 
by method of variable moments of 
inertia. For imterior spans, ordinary 
formula of center-to-center length 
minus two-thirds column head diam- 
eter, was used, but it was found that for 
end spans, something nearer to center- 
to-center span should be used. Some 
longitudinal moments, figured by use 
of equivalent uniform loads and by 
influence lines for separate wheel loads, 
gave about 5 per cent differences. Other 
moments, in end spans of odd length, 
were greatly different. It was conse- 
quently deemed advisable to use 
influence lines for all but typical cases. 
Full continuity was figured from one 
end of expansion joint to next. For 
typical cases, longitudinal positive 
moments for one track were resisted by 
“track strip’? (“common strip” in 
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ordinary flat-slabs) 12 ft. wide and cen- 
tered on track and mid-strip 6 ft. 
wide. Jive load was considered applied 
over full track strip and transferred in 
part to the mid-strip. Computation of 
relative deflections showed track strip 
carried three-fourths and mid-strip one- 
fourth of load. Mid-strip was rein- 
forced for negative moment over sup- 
ports, track-strip for full negative 
moments at column head. Top steel 
was run through all spans. Transverse 
column strips were continuous series of 
spans and were computed as such. 
Loading was distributed three-fourths 
to track-strip, one-fourth to mid-strip. 
Platform beam reactions were taken as 
concentrations. In .computing -longi- 
tudinal live and dead load reactions on 
transverse column strips, effect of con- 
tinuity was considered. Bending in 
columns was determined by computing 
unbalanced dead load moment at 
column (generally zero, except at end 
spans), plus live load unbalanced 
moment for certain position of wheel 
loads, and proportioning this moment 
between column and next span of slab 
in ratio to moment of inertia divided 
by the length to hinge point. Columns 
were designed for this moment and 
direct load.—N. H. Roy 


A successful reinforced concrete 
base for street railway tracks. 
TI. O. Matz. Concrete, April, 1930, 
V. 36, No. 4, p. 138-18.—Development 
of street railway tracks has, for most 
part, taken form of ‘“‘cut-and-try” 
methods based on judgment of builders, 
with little evidence that any of various 
types of track construction have been 
_ based on research analysis. Methods 

followed in development of reinforced 
concrete track support in Canal Street 
in New Orleans are based on careful 
structural design supplemented by 
thorough tests under conditions simu- 
lating actual service. Roadbed struc- 
ture consists primarily of reinforced 
concrete foundation to which rails are 
anchored by means of resilient rail 
anchorages. Foundation slab forms 
continuous girder and two longitu- 
dinal angles are embedded in concrete 
beneath each rail. Rail anchorage 
units are fastened to these angles. 
Design provides cushion between rails 
and pavement and also between rails 
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and reinforced concrete base itself. 
Cushion between rail and pavement 
along its side consists of 4-in. coat 
of asphalt applied to rail before con- 
crete is placed. Transmission of shock 
trom the rail to concrete base is pre- 
vented by placing a 44-in. thickness 
of elastite immediately under base of 
rail. Further elimination of impact is 
obtained by means of specially de- 
signed anchor plate and diaphragm. 
Diaphragm consists of two  oval- 
shaped thin steel plates crimped on 
outer edges over round steel ring and 
welded at periphery to form closed 
steel container. An oval-shaped bear- 
ing plate is welded to both top and 
bottom diaphragm plates. These bear- 
ing plates are smaller than diaphragm 
plates and are concentric therewith. 
Rail is held in place with clips, anchor- 
age bolts passing through diaphragm 
and bearing against angles embedded 
in foundation. Inside of diaphragm 
contains asphalt - asbestos muxture 
forced into place under pressure while 
hot. Asphalt-asbestos cushion gives 
stability to diaphragm and aids in dissi- 
pating vibration absorbed from rail. In 
testing these anchorages, load of 
10,000 Ib. was applied suddenly at 
intervals of 2 seconds over period of 514 
months, making total of more than six 
million successive load applications, 
considered to be equivalent of 75 years 
of actual service. Life of anchorage 
diaphragms is expected to be com- 
mensurate with that of rest of struc- 
ture.—Six figures.—D. EH. Larson 


Cooling towers at Croydon. 
Conc. Constr. Eng. (England), April, 
1930, V. 25, No. 4, p. 265-267.—_New 
reinforced concrete cooling tower at 
Croydon is one of four which will 
eventually be required for power plant 
of Croydon Electricity Station. Tower 
is of hyperbolic type, Mouchel-Henne- 
bique system, and is 128 ft. in diam- 
eter and 164 ft. high. Shell of tower 
will be inclined inward for 75 ft., then 
will extend vertically and will finish by 
being inclined outward. Temporary 
steel scaffolding and steel forms are used 
in construction.—F. EH. RicHarT 


Design of retaining walls. W. 
W. Hay. Concrete, April, 1930, V. 36, 
No. 4, p. 22-24—Formulas and data 
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usually required by designer of rein- 
forced concrete retaining walls are 
presented in detail. Formulas are 
simple in theory and easy to apply, and 
data are based on years of experience. 
Information on following subjects is 
included in text: (1) tormulas for most 
common cases (2) equivalent live loads 
uniformly distributed (8) economical 
types of retaining walls (4) toe and heel 
pressures and (5) foundations, drainage 
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and joints. Three figures and three 
tables —D. E. Larson 


Concrete for resisting sea water. 
(See PROPERTIES OF CONCRETE) 


Roaps AND PAVEMENTS 


‘Typical concrete pavements in 
British Columbia. 

(See Frenp Consrrucrion—Roaps 
AND PAVEMENTS) 


ARCHITECTURAL DESIGN 


Aesthetic in bridge construction. 
(See Enainrrrinc DrsigN—BRIDGES) 


The ‘‘cement-house’’ in Char- 
lottenburg (Germany). W. V. DrB- 
scuitz. Zement (Germany), April 
1930, V. 19, No. 14, p. 832-4.—“‘Ce- 
ment-house” is office of German 
Cement Syndicate and all possibilities 
to use cement and concrete in building 
construction are shown in its exterior 
and interior. Nearly unlimited are 
these possibilities for architect, especi- 
ally the use of glazed colored concrete 
slabs. Synthetic stones can be made 
in every desired form.—A. E. Brrruich 


Terrace structures. ‘‘Terassen- 
bau.’ RicHarD Dorcker. 1929, 
Fritz Wedekind und Co., Stuttgart 
(Germany), R. M. 15.00. Reviewed in 
Zeitschrift des oesterreichischen Ingen- 
teur und Architekten Vereins (Aus- 
tria), Feb. 19380, V. 82, No. 9-10, p. 81. 
—Author describes advantages of 
terrace construction in building hospi- 
tals, hotels, office buildings, apartment 
houses and smaller buildings. Book 
discusses construction of healthy build- 
ing.—A. E. Brrriice 


Construction anatomy. Bau- 
anatomy. W. Brurninae. 159 pages. 
Editor: Deutsche Bauzeitung G. m. b. 
H., Berlin. R. M. 12.00. Reviewed in 
Zeitschrift des oesterreichischen Ingen- 
zeur und Architekten Vereins (Austria) 
Feb. 1930, V. 82, No. 7-8, p. 64.— 
Starting from the excavation, the book 
discusses every step in building. con- 
struction up to the roof. Special con- 
sideration is given to the combination of 


forms and art to obtain architectonical 
effects.—A. E. Brrriicu 


“‘Structure’”’ - concrete. Zcment 
(Germany), March 1930, V. 19, No. 18, 
p. 312-5.—Architect has simple means 
to prepare surface of any concrete 
structure to obtain wonderful effects. 
Cement on the surface is prevented 
from hardening by a treatment with 
“‘Contex,’”’ a certain lacquer prepara- 
tion, and can be brushed away. This 
leaves the texture of the concrete open. 
Choice of different aggregates, coarse 
or fine, colored or colorless, enables 
architect to fit appearance of building 
for any purpose. Method can be used 
for bridge construction, industrial and 
other buildings. Several illustrations 
show effects of this treatment in prac- 
tice.—A. E. Brrriicu 


Where concrete reigns. Howarp 
Rospertson AND F. R. Y®ERBURY. | 
Architect and Building News (England), 
Feb. 7, 1980, V. 62, No. 2, p. 197-200.— 
One of the most interesting new 
churches in the world has just been 
completed at Elisabethville, France, a 
new town on banks of Seine, about 35 
kilometers from Paris. Creation of 
town was due to initiative of a Franco- 
Belgian group. The problem of pro- 
viding for devotional needs of popula- 
tion has produced a church entirely 
unusual in planning, construction, 
material, and decorative treatment, yet 
maintaining to a high degree devotional 
atmosphere. The architect is Paul 
Tournon, a pre-war graduate from the 
Ecole des Beaux-Arts, with an extra- 
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ordinary gift in decorative design. His 
school work was generally in tree classic 
—the Beaux-Arts manner of his day. 
Thus it is interesting to find this winner 
of academic prizes galore, standing 
today in ranks of moderns as an inno- 
vator, working in unusual forms and 
unaccustomed materials. Economy 
was an important tactor in Tournon’s 
scheme for Elisabethville. Neither site 
nor financial appropriation was large. 

Plan of church shows its interesting 
structural basis. Church is 95 ft. by 
51 ft. and contains nave 24 ft. broad 
and 65 ft. high, framed by powerful 
piers. On either side are aisles which 
are unusually low; this factor coupled 
with the great height of the nave, gives 
fine effect of scale. The architect, 
realizing the difficulty of obtaining 
dignity with small plan, utilized height. 
His structural system is unlike the 
mediaeval, but is based on reduction to 
minimum of points of support and 
envelopment of interior with glass. 
Great concrete framed, stained glass 
windows, have framework constructed 
in’ a way scarcely possible in any 
material other than concrete. Main 
piers of nave are carried up above roof 
and connected externally by cross 
beams, which make of them a series ot 
rectangular hoops. From this struc- 
tural skeleton the vaulted ceiling is 
suspended. Concrete beams at eaves 
level and aisle roof level help to sup- 
port respectively vault and aisle roofs 
with their lanterns, and connect system 
of concrete “hoops” in the longitudinal 
sense. Vaulting in concrete is formed 
with double envelope and ribs are 
emphasized by glazed pavement lights, 
which enhance lighting of interior. 
Main feature which draws attention is 
undoubtedly decorative treatment of 
west front, which forms great panel 
carved in concrete, the motif of 
which are central figures of the two 


- sculptured portion 16 metres. 
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Jeanne d’Arec and Saint Michael, 
dominating composition, surrounded 
by winged figures carrying arms of 
Belgian provinces and _ effigies of 
mutilated French cathedrals. Work 
was carried out by the sculptor Sara- 
becolles. It was done in situ in wet 
concrete. Procedure adopted was that 
previously used’in the tower of Ville- 
momble * * * New church tower at 
Villemomble, France, also by Tournon, 
is concrete design erected to give dis- 
tinction to otherwise ordinary struc- 
ture. Interior armature of tower is in 
reinforced concrete, but lower portion 
is encased in brick and rubble stone. 
Tower is 45 metres high, with upper 
Method 
of working sculpture at Villemomble is 
almost entirely new and demands 
sculptor of unusual skill, for with work 
in wet concrete there is no possibility of 
general retouching, and each section, 
after being primed, has to be finished in 
about seven hours. First step was to 
prepare concrete cone, from models at 
1/20 scale, to which was attached metal 
armature and the rough boasting of 
figures. The cone is 414 in. thick, but 
larger part of the concrete had no metal 
fixings near the surface, to permit 
ereater latitude for sculptor. Concrete 
was in proportion of about 8 cwts. of 
portland cement to 18 cu. ft. of sand, 
and was built up in courses in usual 
way, each course being from 4 ft. 10 in. 
to 6 ft. 6 in. high. Sculptor executed 
his statues in wet concrete directly 
from his models and without retouch-; 
ing. Every day a course had to be 
completed. Concrete was poured at 
about four in afternoon, and after 18 
hours of setting (i. e. at 10 on following 
morning), the sculptor started work. 
During next seven hours he established 
his main forms, after which the con- 
crete was allowed a further day to 
harden, when detail was finished off — 


Patron Saints of France and Belgium, Rexrorp Newcoms 


FIELD CONSTRUCTION 


BRIDGES 


The arch-bridge over the river 
Ammer near Echelsbach (Germany) 


and the construction material 
question. Kerstier. Zement (Ger- 
many), March, 1930, V. 19, No. 12, p. 
285-7.—Discussion of building mate- 
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rials for bridge, construction of which 
was described in previous article. (ef. 
Zement (Germany), Dec. 1929, V. 18, 
No. 44, p. 1305-8; Jour. Amer. Con- 
crete Inst., Jan. 1930, p. 19.)—A. E. 
BrirLicu 


Handbook of reinforced concrete 
construction. ‘‘Handbuch fuer 
Eisenbetonbau.”’ F. v. EMppranr. 
8rd edition, V. 6, Wilhelm Ernst and 
Sohn, 1930, R. M. 13.60. Reviewed in 
Zement (Germany), April, 1930, V. 19, 
No. 15, p. 8364.—The two parts of vol. 
6 illustrate construction of reinforced 
concrete bridges in all details; they give 
statie calculations and many examples 
of practice.—A. E. BrrriicH 


The new state highway bridges 
in Austria. Ant. Harner. Zeit- 
schrift des oesterretchischen Ingenieur 
und Architekten Vereins (Austria), 
March, 1930, V. 82. No. 11-12, p. 85- 
90.—Description and discussion of 
more than 40 highway bridges; mostly 
reinforced concrete structures. Dia- 
grams and graphs show dimensions and 
static and dynamic calculations. Pho- 
tographs of 35 bridges are given.— 
A. E. Brerriicn 


New bridge and dam at Arnprior, 
Ont. (See ENGINEERING DrEsiIGn— 
BrinGEs) 


Ingenious construction on Mili 
street bridge, Watertown, N. Y. 
(See ENGINEERING DistignN—BripGEs) 


A new arch bridge in Prague. 
(See ENGINEERING DrsigN—BripGEs) 


New bridge and dam at Arnprior, 
Ont. See ENGINEERING Drsign— 
BRIDGES) 


BUILDINGS 


The tower of the newspaper 
“Tageblatt’’ in Stuttgart (Ger- 
many). E. Orro OsswaLp.  Zeit- 
schrift des oesterreichischen Ingenieur 
und Architekten Vereins (Austria), 
March 1930, V. 82, No. 13-14, p. 103- 
4.—Description of a modern newspaper 
building in reinforced concrete. Since 
the ground-water contained much 
gypsum, it was necessary to use a 
portland cement which was low in CaO 
contents for the foundation. The 
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latter consisted of 1.5 m. reinforced 
concrete. The entire superstructure 
was built in reinforced high early 
strength concrete—A. E. Bririicu. 


Concrete in building construc- 
tion. A. Weiss. Zement (Germany), 
March, 1930, V. 19, No. 11, p. 246-50. 
—Contribution to historical and tech- 
nical development of building con- 
struction. Describes several methods of 
reinforced concrete construction, espe- 
cially of beams, girders, slabs and floors. 
Use of sliding forms is illustrated for 
silos and storage bins. Light concrete 
is used where good heat insulation is _ 
necessary and for manufacture of 
hollow bricks. Concrete is a very good 
material in hands of an artist to obtain 
architectonical effects —A. E. BrirLicu 


Reinforcement of a concrete 
ceiling in the central telephone 
office building in Breslau, Ger- 
many. (See EnarnnerInGc Drsign— 
BuiILpings) 


Terrace structures. 


(See ARcHI- 
TECTURAL DmsIGN) P ; 


MiscELLANEOUS 


Construction control and super- 
vision. ‘‘Bauaufsicht und Bau- 
fuehrungs.’’ To.ikmiTr. 1929, 5 ed., 
264 p., Wilhelm Ernst und Sohn, Ber- 
lin, R. M. 10.00. Reviewed in Zezt- 
schrift des oesterreichischen Ingenieur 
und Architekten Vereins (Austria). 
Feb., 1930, V. 82, No. 7-8, p. 64.— 
Book is adviser for the contractor on 
subjects of construction. materials, 
construction machineries, accident 
prevention and safety devices.—A. E. 
BEITLICH 


The new power station in Uppen- 
born of the city of Munich (Ger- 
many). Lurz Pisror. Zement (Ger- 
many), March 1930, V. 19, No. 12, p. 
284-5.—A power station with output 
of 36,000 h. p. is described. River 
Isar delivers 200 cu. meters water per 
second through 9 km. channel to 
intake. Nearly two million cu. meters 
ground were moved for channel con- 
struction and 100,000 cu. meters were 
excavated for power house, the con- 
struction of which consumed 50,000 cu. 
meters concrete. Lock was built in 
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river with 75,000 cu. meters concrete. 
Surface conditions made it advisable to 
pour concrete from an elevated distri- 
bution arrangement. Cement and 
aggregates were transported over crown 
of dameto a 1000-liter mixer and an 
automatic equipment for measuring 
materials. Mixer delivered 40 cu. 
meters concrete per hour to 5 chutes 
through which plastic masses were 
poured. Concrete road was built to 
connect power station with main high- 
way.—A. HE. Brrriicu 


Winter construction—a question 
of mortar. Fritz Hisemann. Tonind. 
Ztg. (Germany). Apr. 14, 16, 19, 1930, 
V. 54, Nos. 30, 31, 32, p. 508-10, 527-9, 
543-6.—A discussion of economics of 
winter construction; which costs about 
5 per cent more than in summer. 
. Limiting factor is apparently mortar 
and by using certain precautions in- 
cluding more cement, warm aggregates 
and mixing water, CaCl, and _ pro- 
tection for freshly built wall, very 
satisfactory work may be done.—F. O. 
ANDEREGG 


Cost keeping for reinforced con- 
crete contractors. A. E. Wynn. 
Conc. Constr. Eng. (England), March, 
1930. V. 25, No. 3, p. 200-212—A 
detailed analysis of plant costs and 
charges, including items of overhead, 
depreciation, repairs, interest, storage, 
insurance and taxes. Forms are given 
for monthly expense schedule.—F. E. 
RIcHART 


Transit system of mixing con- 
crete. D. H. Burrowns. Str. Eng. 
(England), April, 1930, V. 8, No. 4, p. 
131-137.—Method of making and sup- 
plying mixed concrete known in 
United States and Canada as transit 
system employs special concrete mixer 
mounted on truck body in which accur- 
ately proportioned batches are hauled 
dry until shortly before delivery. 
Water is admitted and mixing com- 
menced a few minutes before delivery, 
providing freshly mixed concrete to 
job. Mixer unit and batching plant 
are described together with the opera- 
tion of system and license to operate. 
Advantages are given concerning con- 
trol of mix and quality of concrete. 
Economics of system, and advantages 
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to contractor are also pointed out.— 
V. P. Jensen 


Concrete foundations for the 
Siemens (Railway). Tonind. Ztg. 
(Germany), March 17, 1930, No. 22, 
p. 376-378.—Problem of transporting 
60,000 employees has led Siemens- 
Werke to construct special railway 
from plant in Berlin-Siemenstadt to 
junction with main railway lines of city 
of Berlin. In foundation work, chem- 
ical process was used which, by means 
of sunken pipes, petrifies sandy soil. 
Process, controlled by ‘‘Tiefbau und 
Kalteindustrie A.-G.,” Berlin, was: 
used to insure stability of some existing 
bridge piers in Spree river, next to 
which new caissons were to be sunk to 
lower elevation. Pipes were inserted 
through old piers to sandy stratum 
below. Compound having silicic acid 
as one of its constituents was pumped 
into bearing soil. Second and different 
solution was then forced through pipes. 
Chemical reaction between two solu- 
tions results in petrified sub-soil. 
Same process has been successfully 
used at Klingenberg Power Develop- 
ment, at Dusseldorf Water Works, and 
on other works.—A. A. BRImLMAIER 


Lochaber hydro electric power 
undertaking. Hngineer (England), 
Apr. 25 and May 2, 1930, V. 149, No. 
3876, 3877, p. 456, 479.—For purpose 
of producing electrical energy for pro- 
duction of aluminum, a watershed of 
303 sq. miles in Scotland is being en- 
closed. Project includes dam 550 ft. 
long by 42 ft. high; tunnel 16 ft. in 
dia. and 4 miles long, connecting Spean 
reservoir with Loch Treig; dam at out- 
let end of Loch Treig to maintain 
proper water level; weir 900 ft. long 
and 30 ft. high to raise level of Spey 
river; conduit 3 miles long; power 
house at Fort William. Work was 
first commenced on power house and 
tunnel between Loch Treig and Fort 
William. Tunnel is 15 miles long and 
15 ft. diameter. Provision for electrical 
supply, sanitation and hospital accom- 
modation for 3000 workmen had to be 
supplied, and 23 miles of 3 ft. gauge 
contractor’s railway was built to 
connect various camps. Tunnel was 
driven from 22 faces simultaneously, 
through grey and red granite, mica 
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schist, flagstones, red porphyry etc. 
Plants were installed at surface at each 
operating point. To reduce skin fric- 
tion losses, tunnel was lined with 4 to 1 
concrete. Steel strutting was employed 
and lining effected in six sections: first 
two haunches were carried up to 3 ft. 
above final floor level; sides were put in 
to about 12 it. above floor; ceiling was 
then put in, shuttering being carried on 
travelling carriages; finally, floor was 
constructed in “‘Ciment Fondu.”’? Con- 
crete was mixed in electrically driven 
mixers and cement, sand and spoil from 
excavating were carried to and from 
working faces with battery operated 
electric locomotives. Aggregate was 
formed of crushed stone from excava- 
tions and sand was obtained from pits 
near mouths of some of adits. For 
intercepting streams, some of which are 
fast running, weirs were formed in 
dams well above bed. Water from 
streams is delivered into tunnel by 
means of concrete lined shafts, divided 
into two tubes, one to liberate air 
entrained by water. Before blasting 
inlet at Loch Treig end of tunnel, bulk- 
head of concrete, flat faced in upstream 
side and convex downstream, was 
recessed in concrete lining to tunnel. 
A 4x 4 ft. opening was made in it and 
steel safety plate held in position over 
it by bolts and nuts. After blasting 
with 4000 lb. gelignite, water was 
allowed to drain away through safety 
opening, and bulkhead subsequently 
removed.—Joun E, Apams 


(See 


Ready - mixed concrete. 
PROPERTIES OF CONCRETE) 


RoapDs AND PAVEMENTS 


Machineries and mechanical 
installations for modern road con- 
struction. E. Srmer. Teer und 
Bitumen (Germany), March, 1930, V. 
28, No. 7, p. 97-106.—Description of 
different. kinds of crushers, mills and 
dryers for road construction materials. 
Mixers for macadam and concrete are 
discussed. Special consideration is 
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given to power consumption and 
economy. Different methods for con- 
struction of concrete roads and finish- 
ing their surface follow. - General dis- 
cussion of American and German 
methods.—A. E. BrrriicH 


Cement-bound roads. R. A. B. 
Smite. Conc. Constr. Eng. (England), 
March, 19380, V. 25, No. 3, p. 184-192. 
—Cement bound road is modification 
of water-bound macadam road in 
which strong matrix binds stones 
together and gives an impervious 
surface. It 1s constructed by placing 
2-in. layer of stone macadam and rolling 
lightly, then spreading 1-in. layer of 1:2 
sand mortar, then another 2-in. layer 
of stone. Road is then rolled until 
macadam is consolidated and mortar is 
brought to surface. Rolling should be 
done within 134 to 2 hr. after mortar 
is placed. Characteristics of finished 
road are similar in many ways to those 
of concrete roads.—F. E. RicHart 


Typical concrete pavements in 
British Columbia. Can. Eng., April 
1, 1980, Vol. 58, No. 18. —During 
past five years Vancouver has placed 
350,000 sq. yd. of concrete pavement, 
this type being used on a majority of 
recent jobs. Grandview Highway is 
paved with 20-ft. slab 71% in. thick at 
center, 9-in. at edges, mix 1:2:3, 34-in. 
expansion joints at 40 ft. intervals with 
dummy joints to care for contraction 
midway between expansion joints. 
Burnaby section is 18 ft. wide, 7 in. 
and 9 in. thick, mix 1:2:314, expansion 
joints at 60 ft. and dummy joints at 
20 ft. intervals. Dummy joints con- 
sist of 144 in. premolded filler pressed 
into 2 in. deep slot made at the surface 
by leg of T-iron. Irregular cracking 
has been entirely eliminated by these 
joints together with longitudinal center 
joint. Quality of concrete materials 
were carefully watched and slump 
limited to 2 in., resulting in a 4500 lb. 
concrete. Concrete was water cured by 
spray from nozzles placed at regular 
intervals—G. M. Winurams 


SHOP MANUFACTURE 


Homogeneous coating of con- 


struction materials with lead. A. 
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Karsten. Zement (Germany), March, 
1930, V. 19, No. 10, p. 232-4.—Method 
is given and an apparatus described to 
produce homogeneous coating of lead 
on concrete tiles and other construction 
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materials. The lead is heated in gun 
with oxyacetylene flame but is not 
affected by any combustion gases. 
Coating can be made 5 mm. thick.— 
A. E. Brrriica 
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